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 This research proposes the use of Discrete Cosine Transform (DCT) and Discrete Hartley Transform 

(DHT) within Orthogonal Frequency Division Multiplexing (OFDM) systems to improve the 

performance of the conventional Discrete Fourier Transform (DFT) in OFDM systems. The 

examination of Bit Error Rate (BER) performance and the mitigation of Peak-to-Average Power Ratio 

(PAPR) in various OFDM systems over a doubly dispersive fading channel is presented. This work 

initially examines the attributes of DFT-, DCT-, and DHT-based OFDM systems, then employs signal 

processing algorithms to mitigate PAPR through the Selected Mapping (SLM) and Partial Transmit 

Sequence (PTS) techniques. Mathematical verification confirms that these methods will improve BER 

performance and decrease PAPR. The simulation results indicate that employing DCT- and DHT-

based OFDM systems, as opposed to DFT-based OFDM systems, improves the BER performance by 

4 dB, achieving a BER of 10-3. The proposed reduction plan for PAPR thresholds is statistically viable. 

Statistically, a large enhancement in PAPR mitigates nonlinear oscillations in OFDM systems. 
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1. Introduction  

In cellular mobile channels, multipath effects, time-varying 
rapid fading, and Doppler frequency shifts cause fading and inter-
symbol interference (ISI) in the receiver signal. These phenomena 
result in reception errors and decreased communication 
performance. OFDM systems, extensively employed in high-rate 
transmission systems such as mobile networks, HIPERLAN Type 
II, IEEE 802.11, IEEE 802.16, and digital video broadcasting 
(DVB), surpass single-carrier systems in environments 
characterized by multipath fading [1]. 

The substantial implementation difficulty of OFDM is partly 
due to the transmitted signal's high PAPR and wide dynamic signal 
range with an extraordinarily high PAPR [2]. At the transmitter 
end, a nonlinear power amplifier causes the OFDM signal to be 
clipped. Clipping causes spectral spread and reduces Bit Error Rate 
(BER) performance [3,4]. One approach to resolve this issue is to 
guarantee that the amplifier functions inside its linear domain.  
Unfortunately, such a remedy is not efficient and successful. 
Power efficiency is essential for wireless communications because 
it allows for small-size terminals, reduces power consumption, and 
offers enough coverage across a large region. As a result, it's 
critical to ensure the power amplifier runs well with low back-off 
settings and to attempt to prevent signal clipping. Before 
transmission, not many changes can be made to the OFDM signal. 
Consequently, it has become an important research topic to 
develop a computationally effective algorithm to minimize PAPR 
in OFDM systems [3]. 

Many ideas have been proposed and reviewed in the literature 
to achieve the above objective. For example, we consider filtering 
clipping, block coding, and selected mapping in addition to tone 
reservation (TR) optimization [5,6]. The majority of these methods, 
meanwhile, frequently employ the OFDM sub-carrier symbols 
since there is a relationship of sorts between them. Hence, the 

PAPR reduction achieved by both methods is equal and comes at 
the cost of a more complex OFDM transceiver, a high coding 
overhead, and/or the need for a certain kind of authenticating 
transmitter/receiver signal. 

This work investigates methods to reduce the PAPR of OFDM 
transmissions utilizing the DCT. PAPR reduction is achieved by 
leveraging DCT's ability to concentrate energy in specific 
frequency bins. The OFDM data is modulated using DCT and then 
the Inverse Fast Fourier Transform (IFFT) reduces significantly 
the PAPR. DCT-OFDM, as opposed to SLM-OFDM and PTS-
OFDM, maintains the orthogonality of the system without adding 
noise or necessitating further data transmission. DCT-OFDM is a 
viable strategy for PAPR reduction in OFDM systems since it 
minimizes PAPR effectively and has minimal hardware 
complexity. 

Similarly, DHT was used instead of the DFT-OFDM, and 
improved accuracy was recorded for superior performance and 
dispersive selective channels [7]. 

This work suggests developing a DCT-based OFDM system as 
a substitute for the conventional DFT-OFDM system, one that can 
function over doubly dispersive fading channels. The system's 
performance is assessed for a range of Doppler shifts. Furthermore, 
a performance comparison is made between the DHT-based 
OFDM system and the traditional DFT-based OFDM system, as 
well as the DCT-based OFDM system. 

DCT-based OFDM systems have tremendous potential in a 
wide range of applications due to their ability to minimize 
intercarrier interference (ICI) and improve spectral efficiency. 
DCT-based OFDM systems generally operate in the following 
areas: 

 1. Wireless Communication: DCT-based OFDM systems find 
applications in wireless communication systems like Wi-Fi, LTE, 
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and 5G. Their superior performance in bit error rate (BER) and 
peak-to-average power ratio (PAPR) renders them suitable for 
high-speed data transmission. 

2. Cognitive Radio Networks: The two systems, collectively 
and independently, can enhance spectrum efficiency. The DCT-
based approach streamlines spectrum detection and facilitates the 
identification of available channels. 

3. Underwater Acoustic Communication: DCT-based OFDM 
systems are appropriate for underwater acoustic communication, 
characterized by extremely fluctuating channel circumstances. The 
resilience of DCT against multipath fading and Doppler shifts 
renders it an optimal selection for dependable data transmission in 
underwater settings. 

4. Power Line Communication (PLC): DCT-based OFDM is 
an ideal alternative to PLCs since it increases data transmission 
speeds while decreasing interference and noise in power line 
situations. 

5. Satellite Communication: We use DCT-based OFDM to 
enhance the efficiency of data flow. They are well-suited for use 
in satellite communication systems due to their low inter-carrier 
interference and high spectrum efficiency. 

     The structure of this document is as follows: The DFT-
based OFDM system is covered in Section II, and the DCT-based 
OFDM system is described in Section III. Section V covers the 
properties of doubly dispersive fading channels, whereas Section 
IV presents the DHT-based OFDM system. In Section VI, the 
suggested schemes' performance is analyzed and simulation 
experiments are presented. Section VII provides a conclusion to 
the paper. 

2. DFT-based OFDM System 

A. The Discrete Fourier Transform (DFT) 

By representing samples of the Discrete-Time Fourier 
Transform (DTFT) at equally spaced frequencies, the DFT 
converts a finite series of uniformly spaced samples into a 
similar sequence of the same duration. Because of its 
effectiveness and applicability for Fourier analysis, the DFT is 
a key instrument in signal processing that is utilized extensively. 

A sequence of 𝑁 complex numbers are altered via 
DFT {𝑥𝑛} =  𝑥0, 𝑥1, 𝑥2, … … 𝑥𝑁−1  into a different series of 
complex numbers {𝑋𝑛} =  𝑋0, 𝑋1, 𝑋2, … … 𝑋𝑁−1 , Which is 
defined as: 

𝑋𝑘 = ∑ 𝑥𝑛 . 𝑒
−2𝜋

𝑁
𝑘𝑛

𝑁−1

𝑛=0

 

           =  ∑ 𝑥𝑛. [cos (
2𝜋

𝑁
 𝑘𝑛) − 𝑖 .  sin (

2𝜋

𝑁
 𝑘𝑛)]𝑁−1

𝑛=0               (1) 

where k retrieves integer numbers from {0, …, N}. 

B.  The OFDM System 

Several restricted-band subchannels that transmit 

simultaneously to accomplish high data rate transmission while 

prolonging the signal length to eliminate ISI are created by the 

multicarrier modulation technique known as OFDM. To stop 

different broadcasts from interfering with one another and to shield 

the OFDM system from inter-carrier interference (ICI), which is 

brought on by the spread of channel delay, cyclic prefixes (CP) or 

guard intervals (GI) are essential. Fig. 1 displays the typical block 

diagram of an OFDM system based on DFT. 

The complex symbols {𝑠𝑛,𝑘}
𝑘=0

𝑁−1
 with variance 𝐸|𝑠𝑛,𝑘|

2
= 𝜎𝑠

2,  

Which is transmitted at the nth OFDM block, subsequently, the 

OFDM modulated signal can be represented as: 

         Sn (t) =∑ 𝑠𝑛,𝑘
𝑁−1
𝑘=0  𝑒−𝑗2𝜋𝑘𝛥𝑓𝑡    , 0 ≤ t ≤ Ts         (2) 

where Ts  represents the duration of the sign, ∆𝑓 Denotes the 
subchannel spacing, and N is the sub-channel number in OFDM. 
The receiver's symbol period must be sufficient to modulate the 
OFDM signal like Ts ∆𝑓=1, which is referred to the condition of 

the orthogonal, ensuring that 𝑒−𝑗2𝜋𝑘𝛥𝑓𝑡  remains orthogonal for 
different values of 𝑘. In the absence of the duration of the channel, 
the orthogonality of the transmitted symbols 𝑆𝑛,𝑘 can be expressed 

at the receiver as illustrated in equation (3) 

                      Sn, k= 
1

𝑇𝑠
 ∫ 𝑠𝑛(𝑡)

𝑇𝑠

0
 𝑒−𝑗2𝜋𝑘𝛥𝑓𝑡 dt                   (3)  

Equation (2) can be used to express the sampled form of the 

sampled baseband. 𝑆𝑛(𝑡) of the OFDM signal  

𝑠𝑛(𝑚
𝑇𝑠

𝑁
) = ∑ 𝑠𝑛,𝑘

𝑁−1
𝑘=0  𝑒−𝑗2𝜋𝑘𝛥𝑓𝑚

𝑇𝑠
𝑁  

                                = ∑ 𝑠𝑛,𝑘
𝑁−1
𝑘=0  𝑒−𝑗2𝜋

𝑚𝑘

𝑁  ,   𝑡 = 𝑚
𝑇𝑠

𝑁
      (4) 

where 𝑚 is the sample index. 

 

Figure 1:  DFT-based OFDM system block diagram 

The transmitted symbol of the Inverse Discrete Fourier 

Transform (IDFT) {𝑠𝑛,𝑘}
𝑘=0

𝑁−1
 is illustrated in Equation (4). 

Therefore, it is simple to show that DFT rather than integral in 
equation (3) can be used to carry out the demodulation procedure. 

A cyclic prefix (CP) is necessary to protect an OFDM system 
against Inter-Carrier Interference (ICI) caused by the delay spread 
of distant channels. Typically, the CP is positioned between two 
OFDM blocks. If the channel delay spread is greater than or equal 
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to the channel CP length, Inter-Symbol Interference (ISI) is 
eliminated [8]. The duration of an OFDM symbol when there is no 
CP is Ts . However, with the CP, the transmission time extends to 
T = 𝑇𝑔+ 𝑇𝑠. Equation (5) illustrates the OFDM symbol: 

  𝑠�̌�= ∑ 𝑠𝑛,𝑘
𝑁−1
𝑘=0  𝑒−𝑗2𝜋𝑘𝛥𝑓𝑡   ,   - 𝑇𝑔 ≤ t ≤ 𝑇𝑠       (5) 

3. DCT-based OFDM System 

Like DFT, DCT is a Fourier-related transform that is limited to 
real numbers. The entire cosine function, which oscillates at 
various frequencies, is expressed by DCT [9]. 

As shown in Figure 2, we created a standard scheme DCT-
based OFDM system in this research. The suggested approach 
substitutes a DCT block for the DFT block in the receiver route, 
making it comparable to the DCT-based OFDM system. 

Similarly, the IDFT block is replaced by an IDCT block in the 
transmission route. The important orthogonal co-sinusoidal 
functions that make up the DCT-based OFDM system are as 
follows [9]: 𝜑𝑛 = cos(2𝜋𝑓𝑛𝑡), where 0 ≤t<T, and n = 0 ,1, ···, N− 
1. The minimum subcarrier spacing in a DFT-based OFDM system 

with real-valued signals can be reduced from (
1

𝑇
) Hz to (

1

2𝑇
) Hz 

by utilizing co-sinusoidal orthogonal functions 𝑐𝑜𝑠 (
2𝜋𝑛𝑡

2𝑇
). The 

DCT-OFDM signal baseband is defined as: 

 𝑥(𝑡) =  ∑ 𝑋𝑛
𝑁−1
𝑛=0 𝑐𝑜𝑠 (

𝜋𝑛𝑡

2𝑇
)                     n = 0, …, N-1             (6) 

The suggested system can be modulated and demodulated 
using the DCT and IDCT, respectively. Equation (7) defines the 
representation of discrete-time for this system. 

 𝑥(𝑘) = √
2

𝑁
∑ 𝑋𝑛

𝑁−1
𝑛=0 𝐵𝑛 𝑐𝑜𝑠 (

𝜋𝑛(2𝑘+1)

2𝑁
)        k=0,…, N-1          (7) 

where  

           𝐵𝑛 = {
√

1

2
,                𝑛 = 0

1 ,                  𝑘 = 1, … , 𝑁 − 1

                              (8) 

Furthermore, the comparable signal in the frequency domain 
is provided by equation (9): 

𝑋𝐷𝐶𝑇(𝑛) =√
2

𝑁
 ∑ 𝑥𝐷𝐶𝑇

𝑁−1
𝑛=0 (𝑘)𝐵𝑘 𝑐𝑜𝑠 (

𝜋𝑛(2𝑘+1)

2𝑁
), 

n = 0, ..., N-1                                                                     (9) 

Equation (10) illustrates IDCT representation: 

   𝑋𝐼𝐷𝐶𝑇(𝑛) =
2

𝑁−1
√

2

𝑁
∑ 𝑥𝐷𝐶𝑇(𝑘)𝐵𝑘 𝑐𝑜𝑠 (

𝜋𝑛(2𝑘+1)

2𝑁
) 𝑁−1

𝑛=0    (10) 

The benefits of the DCT-based OFDM system are as 

follows [10]: 

1- Energy concentration and spectral compaction are two of the 

DCT foundation's best features. 

2- Due to the offset frequency having less ICI power leakage to 

nearby subcarriers than OFDM, it is less resilient to offset 

frequency. 

3- By utilizing real arithmetic, DCT considerably lowers the 

complexity and power requirements of DFT signal processing. 

One of the primary limitations of DCT-based OFDM is its 

inability to directly process complicated signals due to its 

dependence on real arithmetic. Symmetric guard sequences and 

pre-filter designs are necessary at the receiver to manage the 

channel's impulse response, ensuring diagonalization and adequate 

filtering.

 

Figure 2: DCT-based OFDM system block diagram 

4. DHT-based OFDM System 

Akin to Fourier transform, one essential transformation is the 
Hartley transform which transfers real-valued functions back to 
real-valued functions without requiring complex values [4]. The 
Hartley transform of a function 𝑓(𝑡) is defined as follows: 

𝑿𝐷𝐻𝑇(𝜔) =
1

√2𝜋
∫ 𝑓(𝑡)𝑐𝑎𝑠(𝜔𝑡)𝑑𝑡

𝑇𝑠

0

 
         
(11) 

  where 

 c𝑎𝑠(𝑡) = 𝑐𝑜𝑠(𝑡) + 𝑠𝑖𝑛(𝑡) = √2𝑐𝑜𝑠 (𝑡 −
𝜋

4
) = √2sin (𝑡 +

𝜋

4
) 

The representation of the angular frequency is 𝜔. The Hartley 
transform is unique in that it may be used as its inverse. This means 
that the DHT of a real sequence 𝑑 = [𝑑0 𝑑1  … 𝑑𝑁−1]𝑇  stays 
consistent because the transformation formula is the same for both 
the DHT and its inverse (IDHT), and equation (12) illustrates its 
inverse as follows:  

   𝒙𝑛 = ∑ 𝑑𝑘
𝑁−1
𝑘=0 𝑐𝑎𝑠 (

2𝜋𝑘𝑛

𝑁
) ,    0 ≤ 𝑛 ≤ 𝑁 − 1 

 𝒅𝑘 = ∑ 𝑥𝑛
𝑁−1
𝑛=0 𝑐𝑎𝑠 (

2𝜋𝑘𝑛

𝑁
) ,    0 ≤ 𝑘 ≤ 𝑁 − 1 

 (12) 

The DHT's real orthogonal matrix is defined using sine and 
cosine matrix representations [12]. The (𝑛, 𝑚)  entries of the  
𝑁 ×  𝑁 matrices 𝐶 and 𝑆 are defined in equation (13): 

𝑪(𝑚, 𝑛) = 𝑐𝑜𝑠 (
2𝜋𝑛𝑚

2𝑁
) ,   0 ≤ 𝑛, 𝑚 

                  𝑺(𝑚, 𝑛) = 𝑠𝑖𝑛 (
2𝜋𝑛𝑚

2𝑁
) ,   0 ≤ 𝑁 − 1           (13) 

The IDHT matrix can be represented as shown in 

equation (14). 
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     𝑿𝐼𝐷𝐻𝑇 =
1

√𝑁
(𝑪 + 𝑺) 

   

(14) 

Proving this is straightforward 𝑿𝐷𝐻𝑇𝑿𝐼𝐷𝐻𝑇 =  𝑰𝑁 .  

With the same adjustments as the DCT-based OFDM system, 
the suggested DHT-based OFDM design is comparable to the 
DFT-based OFDM architecture, as shown in Figure 3. The primary 
difference lies in using DHT instead of IDFT at the transmitter and 
DFT instead of DHT at the receiver. This approach offers the 
advantage of using identical DHT hardware for both the 
transmitter and receiver in the OFDM system. 

While the DHT is less computationally demanding than the 
DFT and has the same form as its inverse (IDHT), using DHT-
based OFDM in wireless communications presents two major 
obstacles. 

Firstly, PAM and BPSK are examples of one-dimensional (1D) 
modulation techniques that are necessary because the DHT is a 
real-valued transformation. Secondly, DHT-OFDM is unable to 
diagonalize the multipath directly channel impulse response (CIR) 
because of the intrinsic characteristics of the DHT [11,12]. 

Although it creates a more complex system, the authors of [12] 
suggested a DHT-based OFDM system that uses a technique to 
diagonalize the fading channel's equivalent matrix, enabling the 
use of 2-D modulation schemes like QPSK. Furthermore, 
situations resembling the DCT-based OFDM system that involve 
doubly selective channel fading require a complex equalizer.  

 

Figure 3: DHT-based OFDM system block diagram 

5. Doubly Dispersive Channel 

A time-varying channel is produced in radio transmission 
applications when movement between the receiver and transmitter 
modifies the propagation path. The growing pace of these 
conditions leads to rapid fading. 

Several variables affect multipath effects, including the 
existence of reflecting objects in a propagation environment that is 
always changing. While some wave energy is dispersed by 
reflection and dispersion, other times it reaches the receiver 
unhindered in a direct line of sight (LOS). Each multipath 
component travels a varied distance, and variations in the phase 
and amplitude of multipath components add to signal strength 
variations. 

Small-scale fading and Rician fading, which occur in highways 
and small villages, have an envelope amplitude that follows a 
Rician distribution when the received signal has numerous 
reflected beams and a strong line-of-sight component. As the 
amplitude decreases to zero, the Rician Probability Density 
Function (PDF) approaches the Rayleigh PDF [13]. Put differently, 
fading statistics on a small scale are described by the Rayleigh 
distribution when the line-of-sight path is obstructed, while they 
follow a Rician distribution when it is present. 

The symbols are obtained as follows if block-by-block 
processing is taken into account within the block for a linear time-
invariant (LTI) frequency-selective noisy channel: 

                       𝑟𝑛= 𝐻𝑛 𝐹∗𝑠𝑛 + 𝑛𝑔                                (15) 

where 𝑟𝑛  is received sequence, 𝐻𝑛  is the 

 𝑁 𝑋 𝑁  channel matrix, 𝐹  the matrix of DFT/DCT/DHT, 𝐹∗ is 

matrix of IDFT/IDCT/DHT, 𝑠𝑛 is the data of the transmitted, and 

𝑛𝑔 is the time-domain Additive White Gaussian Noise (AWGN). 

Function (16) generates the received vector 𝑟�̂�  following 

DFT/DCT/DHT demodulation. 

            𝑟�̂�= F 𝐻𝑛 𝐹∗𝑠𝑛 + F 𝑛𝑔                     (16) 

Because of the cyclic prefix, 𝐻𝑛  becomes a circulant matrix 
under stationary conditions, enabling the DFT/DCT/DHT matrix 
to decouple. By adjusting the received sequence's phase and 
amplitude, the received signal is effectively equalized thus, 𝐹𝐻𝑛𝐹∗  
is a diagonal matrix [14]. In [15], a single-carrier FDM system has 
multiple overlapping but orthogonal narrowband subchannels 
inside its wideband spectrum, enabling the effective conversion of 
a frequency-selective channel into nearly non-frequency-selective 
sub-channels via the OFDM system. When frequency fading 
occurs within the specified bandwidth, each subchannel's 
frequency response can be broadly characterized as constant. 
Therefore, a straightforward single-tap equalizer can be utilized to 
compensate for the multi-path fading channel. Furthermore, 
OFDM systems are strengthened by the application of a cyclic 
prefix, which replicates the final segment of an OFDM symbol. 

Fast-fading remote channels sometimes involve time-
frequency-selective (dispersive) channels, rendering conventional 
methods inefficient and requiring an intricate equalization for the 
OFDM system [17]. The speed at which the transmitter and/or 
receiver move can affect channel fading, leading to Doppler shifts 
in the components of the received signal. These Doppler shifts 
often cause the fading response to vary in the presence of a doubly 
dispersive fading channel. Function (17) illustrates the calculations 
of the Doppler shift as follows:  

                           𝑓𝑑 =  (
𝛥𝑣

𝑐
) 𝑓𝑐                                     (17) 

where fc is the signal carrier frequency, c is the light speed, Δv 
is the velocity difference between the transmitter and the receiver, 
and fd is the Doppler shift frequency. 

In the frequency domain, the channel matrix 𝐻𝑛 illustrates in 
equation (15) is neither constant nor diagonal across successive 
OFDM blocks in a Linear Time-Varying (LTV) channel. Because 
of this, the useable channel components and inter-carrier 
interference (ICI) differ from block to block. 
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6. PAPR Problem 

The high Peak-to-Average Power Ratio (PAPR) of the 
transmitted OFDM signal is one of the primary disadvantages. 
When this potent PAPR signal passes via a nonlinear apparatus, 
like a transmitter for a power amplifier, it results in considerable 
out-of-band radiation and in-band distortions. Bit error rate (BER) 
is increased by out-of-band radiation, and in-band distortion is the 
cause of unacceptable interference between adjacent channels [12]. 
Transmitter power consumption efficiency is quite low when no 
PAPR reduction measures are used. 

The combined OFDM signals can occasionally show high peak 
power because each subcarrier of the OFDM signal is modified 
individually. This peak power tends to increase with a higher 
number of subcarriers. PAPR is commonly used to quantify peak 
power. Equation (18) defines the PAPR of the transmitted OFDM 
signal as: 

        𝑃𝐴𝑃𝑅 =
max

0≤𝑡≤𝑁𝑇
|𝑠(𝑡)|2

1 𝑁𝑇 ∫ |𝑠(𝑡)|2𝑑𝑡
𝑁𝑇

0
⁄

=
max

0≤𝑛≤𝑁−1
|𝑠𝑛|2

𝐸[|𝑠𝑛|2]
             (18) 

The denominator indicates the average signal power, whereas 
the numerator represents the instantaneous maximum power. The 
PAPR's complementary cumulative distribution function (CCDF), 
which shows the likelihood that a data block's PAPR will rise 
above a specific threshold 𝛾 ., i.e.,  𝑃𝑟(𝑃𝐴𝑃𝑅 > 𝛾) , is used to 
assess a multi-carrier system's PAPR performance. 

In [12], provides a simple approximation of the CCDF of the 
PAPR of a multicarrier signal. The central limit theorem states that 
for a multicarrier signal with many subcarriers, the imaginary and 
real components of the time-domain signal samples with Nyquist 
rate sampling have zero mean and 0.5 variances, respectively, and 
follows Gaussian distributions. As a result, the multicarrier signal's 
amplitude displays a Rayleigh distribution, while its power 
distribution has two degrees of freedom and is centered around a 
chi-square distribution: 

                            𝐹(𝛾) = 1 − 𝑒𝑥𝑝(𝛾)                             (19) 

Assuming that there is no correlation between the samples, the 
probability that the PAPR falls below a given threshold level γ that 
utilized to find the CCDF for the peak power of each OFDM 
symbol: 

           𝑃(𝑃𝐴𝑃𝑅 >  𝛾)  =  1 –  𝑃(𝑃𝐴𝑃𝑅 ≤  𝛾)             (20) 

                 𝑃(𝑃𝐴𝑃𝑅 >  𝛾)  =  1 – 𝐹(𝛾)𝑁                   (21) 

Substituting (20) in (21): 

         𝑃(𝑃𝐴𝑃𝑅 >  𝛾)  =  1 – (1 –  𝑒𝑥𝑝(– 𝛾))𝑁          (22) 
 

A. The Selected Mapping Technique (SLM) 

The transmitter generates many candidate data blocks identical 
to the original data block using the Selected Mapping (SLM) 
technique, thereafter selecting the one with the lowest PAPR for 
transmission. Fig. 4 shows the block diagram for the SLM 
technique. U-phase sequences, whose length is equal to the data 
block, are multiplied by each data block. 

 
Figure 4:  A block diagram of the SLM technique 

   𝑩𝑢 =  [𝒃𝑢,0, 𝒃𝑢,1, … , 𝒃𝑢,𝑁–1]
𝑇

,    𝑢 =  1, 2, … , 𝑈      (23) 

U adapted data blocks resulting. b1 is all set to include in our 
search the original data block. The uth candidate vector produced 
by multiplying the phase vector data block is indicated as 𝒅𝑢, so 
we can write the equation to get the kth element of uth candidate 
vector as: 

            𝒅𝑢,𝑘 = 𝑑𝑘𝑩𝑢,𝑘       , 𝑢 =  1, 2, … , 𝑈                  (24) 

For the 𝑢𝑡ℎ phase sequence, the adapted data block is: 

𝒅𝑢 = [𝒅0𝒃𝑢,0, 𝑑1𝒃𝑢,1, … , 𝑑𝑁–1 𝒃𝑢,𝑁–1]
𝑇

, 𝑢 =  1, 2, … , 𝑈      (25) 

the multicarrier signal 𝒔𝑢 can be obtained from equation (26), after 

applying SLM to 𝒅 

                              𝒔𝑢 = 𝑭−𝛼 . 𝒅𝑢                                  (26) 

The transmission of the data block with the lowest PAPR was 
chosen. To ensure accurate recovery of the transmitted signals, the 
receiver must be informed about the selected independent vectors. 
These sequences should be sent as side information to the receiver. 
For every data block, the SLM approach necessitates (𝑙𝑜𝑔2𝑈)  
side information bits in addition to additional 𝑈 − 1  
transformation operations. This method works with any number of 
subcarriers and any kind of modulation. 

The following equation can be used to quantify the likelihood 
that PAPRmin exceeds 𝛾  by choosing the frame with the lowest 
PAPR from U statistically independent OFDM frames that contain 
the same information: 

          𝑃(𝑃𝐴𝑃𝑅𝑚𝑖𝑛  >  𝛾)  = (𝑃(𝑃𝐴𝑃𝑅 >  𝛾))𝑈         (27) 

     𝑃(𝑃𝐴𝑃𝑅𝑚𝑖𝑛  >  𝛾)  =  (1 – (1 –  𝑒𝑥𝑝(– 𝛾))𝑁)𝑈   (28) 

From (28), the PAPR reduction amount for SLM depends on 
the number of phase sequences U and the phase sequence design. 
All data blocks can reduce PAPR, but their efficiency can vary 
from one to another. 

B. The Partial Transmit Sequence Technique 

Discontinuous sub-blocks or clusters are generated from the 
input data block by the application of the Partial Transmit 
Sequence (PTS) technology. The subcarriers within each sub-
block are weighted using a carefully selected phase factor to lower 
the PAPR of the total signal. Generally, three partitioning methods 
are employed: partitions that are neighboring, pseudo-random, and 
interleaved. 
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The PTS technique block diagram is shown in the Fig.5. 𝐾 
disjoint sub-blocks are created from the input data block 𝑑, where 
K is an integer number; each block contains N/K nonzero elements 
and N-(N⁄K) zeros (complete each one by zero padding), so the kth 
sub-block is given by: 

 𝒅𝑘 =  [0, … , 0, 𝒅(𝑘−1)(𝑁 𝐾⁄ ), … , 𝒅𝑘(𝑁 𝐾⁄ )−1, 0, … , 0]
𝑇
  (29) 

where 𝒅𝑘 is 𝑁  element vector and 𝒅 = ∑ 𝒅𝑘
𝐾
𝑘=1 ,    𝑘 =

1, 2, … , 𝐾 the time domain signal 𝒔𝑘is obtained after each of the 
portioned signals 𝒅𝑘 is transformed, we refer to these time-domain 
signals as partial transmit sequences. In the set denoted by 𝒃 =
 [𝒃1, 𝒃2, … , 𝒃𝐾]𝑇 , these PTSs are mixed with different complex 
phase factors. 

 
Figure 5: A block diagram of the PTS technique 

The key task is to find the set of PAPR-minimizing phase 
factors. Equation (30) defines a finite number of elements, limiting 
the difficulty in determining the optimal phase factors. 

          𝑷 = 𝑒𝑗2𝜋𝑙 𝓌⁄    ,             𝑙 = 0,1, … , 𝓌 − 1                 (30) 

where 𝓌 is the number of phase factors allowed. It is obvious 
that with the number of sub-blocks 𝐾 , The search complexity 
increases exponentially. 

The receiver needs to understand the process used to generate 
the phase factors and the transmitted signal applied to rotate the 
subcarriers accordingly. The redundancy brought about by the 
PAPR reduction strategy for PTS is reflected in the number of bits 
required for this side information. It is important to note that the 
PTS technique requires fewer redundancy bits than the SLM 
technique. 

The reduction in PAPR is influenced by the number of phase 
factors 𝑤  and the number of sub-blocks 𝐾 . Additionally, the 
method of sub-block partitioning can impact the effectiveness of 
PAPR reduction in the PTS technique. PTS applies to any number 
of subcarriers and supports all modulation schemes 

7. Simulation and Results 

The suggested systems are illustrated in this section using the 
IEEE 802.11a standard system. The channel estimate findings can 
be used to assess the diagonalized channel characteristics of the 
DHT-based OFDM and DCT-based OFDM systems. As per the 
IEEE 802.11a standard, the number of subcarriers utilized is 𝑁𝑎 =
96, 𝑁 = 128, 𝑙 = 8 . Here, 𝑁  represents the number of 
subcarriers,   𝑙 denotes the CP data, and 𝛥ƒ = 20 𝑀𝐻𝑧 is involved. 
An exponential power delay profile with a root-mean-square delay 
of ϭ = 3  were used to simulate the double Rayleigh fading 
channels. 

Table 1: Simulation Parameters 

FFT size, N 128 

Number of subcarriers, 𝑵𝒂 96 

FFT sampling frequency, 𝜟ƒ 20 MHz 

Doppler shift frequency, 𝒇𝒅 75 Hz 

Modulation schemes QPSK 

 

7.1. Comparison between DFT-, DCT-, and DHT-based OFDM 

systems performance at the same Doppler shift 

The BER performance of the DFT-, DCT-, and DHT-based 
OFDM systems was evaluated using a Doppler shift frequency of 
parameter 𝑓𝑑 =  75  𝐻𝑧. As illustrated in Fig. 7, both the DCT- 
and DHT-based OFDM systems outperform the DFT-based 
OFDM system. Specifically, at the same Doppler shift of 𝑓𝑑  =
 75  𝐻𝑧, the conventional DFT-based OFDM system requires an 
Eb/N0 of approximately 3 𝑑𝐵 to achieve the same BER (10-3) that 
the DCT- and DHT-based OFDM systems achieve. 

Furthermore, identical to the Doppler shift, the DCT-based 
OFDM system's BER performance is marginally superior to the 
DHT-based OFDM systems. 

 

Figure 6: BER performance comparison between DFT-, DCT-, and 

DHT-based OFDM systems 

7.2. CCDF Comparison of DFT-, DCT-, and DHT-based OFDM 

systems using SLM and PTS PAPR reduction techniques 

The Selective Mapping (SLM) technique is an efficient way to 
reduce the Peak-to-Average Power Ratio (PAPR) in OFDM 
systems. The concordance of simulation results with theoretical 
predictions bolsters the reliability of the SLM technique in diverse 
OFDM systems, including those utilizing DFT, DCT, and DHT. 

The continual reduction in PAPR across many systems 
underscores the adaptability and efficiency of the SLM 
methodology. This indicates that irrespective of the transformation 
employed in the OFDM system, SLM can yield substantial 
enhancements in PAPR, which is essential for improving the 
efficiency and performance of wireless communication systems. 

3 dB 
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Figure 7 illustrates the PAPR performance of various systems 
employing the SLM reduction technique. The results show that the 
reduction of different OFDM systems is approximately the same 
and needs around (4) dB to reach the corresponding CCDF (10−3). 

 

Figure 7: CCDF comparison of DFT-, DCT-, and DHT-based 

OFDM systems using SLM reduction technique. 

PTS is regarded as one of the most effective PAPR reduction 
techniques due to its efficiency and low complexity. Figure 8 
illustrates the PAPR performance of various systems employing 
the PTS reduction technique. The results show that the reduction 
of different OFDM systems is approximately the same and needs 
𝛾 around (4) dB to reach the corresponding CCDF (10−3) 

 

Figure 8: CCDF comparison of DFT-, DCT-, and DHT-based 

OFDM systems using PTS reduction technique. 

8. Conclusion 

This study employed DCT-based and DHT-based OFDM 
systems instead of the conventional DFT-based OFDM system 
across doubly dispersive fading channels with fluctuating Doppler 
shifts. Under constant operation conditions (without Doppler shift), 
the DFT-based OFDM system surpassed the DCT- and DHT-
based systems. Nonetheless, the IEEE 802.11a standard indicated 
a deterioration in performance for the DFT-based OFDM system 
in mobile environments. The simulation results showed that the 
DFT-based OFDM system surpassed the DCT-based OFDM 
system in terms of BER. Moreover, the OFDM system utilizing 
DHT exhibited superior performance compared to the OFDM 
system employing DFT. The results indicated that in doubly 
dispersive fading conditions, the performance of DCT- and DHT-
based OFDM systems was similar, exceeding that of the DFT-
based OFDM system by approximately 3 dB in Signal-to-Noise 
Ratio. Furthermore, the CCDF comparison indicated that the 

PAPR reduction approaches (SLM or PTS) uniformly reduced 
PAPR by the same magnitude across all OFDM systems. This 
demonstrates that DCT- and DHT-based OFDM systems attain 
equivalent PAPR reduction while providing superior BER 
performance and diminished system complexity, owing to the 
utilization of real arithmetic, hence effectively lowering 
complexity and power consumption relative to DFT-based signal 
processing. 

This research exclusively examines Single Input Single Output 
(SISO) OFDM systems. This can be expanded to MIMO OFDM, 
which can be executed utilizing multiple sending and receiving 
antennas, representing a compelling area for future research. 
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