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Abstract: Combination of the multiple input multiple outputs (MIMO) and orthogonal frequency division multiplexing (OFDM) 
is considered a promising solution to augment the channel capacity and multiplicity of wireless communication system without 
any enhancement in bandwidth. In this paper, Hybrid PTS-Clipping scheme is projected to reduce peak-to-average power ratio 
in MIMO–OFDM system under Rayleigh fading environment on an additive white Gaussian Noise channel. The results show 
that the proposed method not only reduces the PAPR but also maintains satisfactory bit error rate. 
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I. INTRODUCTION 
MIMO OFDM is extensively used as a promising technique for next-generation broadband wireless applications due to its 
robustness against multipath fading and the potential of providing high throughput [1]. As encountered for multicarrier systems, a 
major challenge of MIMO-OFDM transmission systems is the problem of high peak-to-average power ratio (PAPR), which leads to 
server distortion at the output of power amplifier. To overcome this problem, a variety of PAPR reduction methods for OFDM 
systems have been presented in the literature, including companding [2], clipping [3], selected mapping (SLM) [4], and partial 
transmit sequences (PTS) [5] etc. Among these schemes, PTS is attractive due to effective reduction of PAPR without distorting 
OFDM signals. However, PTS requires transmitting side information for signal recovery at the receiver. Clipping is the simplest 
method of PAPR reduction but it distorts the signal that causes the in band distortion and out band distortion.  
In order to reduce PAPR, several PTS-based schemes have been extended to the context of MIMO-OFDM systems. In this paper 
hybrid method of PTS and Clipping is used for better PAPR reduction and maintain bit error rate. 

II. PAPR IN MIMO OFDM SYSTEM  
An OFDM data block with N subcarriers, Xk=(X0,X1,...XN-1), is formed with each symbol modulating the corresponding 
subcarrier from a set of subcarriers. In an MIMO-OFDM system, the N subcarriers are chosen to be orthogonal, over the period 0 ≤ t 
≤ T where, T is the original data symbol period, and f0=1/T is the frequency spacing between adjacent subcarriers.  
The complex baseband OFDM signal for N subcarriers can be written as 

x(t)= ଵ
√୒

 ∑ X୩
୒ିଵ
୩ୀ଴ e୨ଶᴨ୩୤బ୲ , 0 ≤ t ≤ T    (1) 

Replacing t=nTb, where Tb =T/N, gives the discrete time version denoted by  
x(t)= ଵ

√୒
 ∑ Xk୒ିଵ

୩ୀ଴ e୨ଶᴨ୩୬/୐୒ , n=0,1,......NL-1   (2) 

where, L is the oversampling factor. The symbol-spaced sampling occasionally misses some of the signal peaks and results in 
optimistic results for the PAPR. The sampling can be implemented by an inverse fast Fourier transform (IFFT).  
The PAPR of the transmitted OFDM signal, x(t), is defined as the ratio between the maximum instantaneous power and the average 
power, defined by 

PAPR=  ୫ୟ୶బರ౪ರ౐ ୪୶(୲)୪మ

୉[୪୶(୲)୪మ]
                 (3) 

where E [・] is the expectation operator.  
The PAPR of the continuous-time OFDM signal cannot be correctly computed in the Nyquist sampling rate, which relates to N 
samples per OFDM symbol. In this case, signal peaks may be skipped and PAPR estimates are not correct. So, oversampling is 
necessary. To evaluate the PAPR reduction performance precisely from the statistical point of view, the complementary cumulative 
distribution function (CCDF) of the PAPR of OFDM signals is used. CCDF describes the probability of exceeding a given threshold 
PAPR0 and is represented [24] as 

CCDF(PAPR(x(n)))=Pr(PAPR(x(n)))>PAPR0)                   (4) 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887 

                                                                                                                Volume 6 Issue X, Oct 2018- Available at www.ijraset.com 
     

427 ©IJRASET: All Rights are Reserved 

Due to the independence of the N samples, the CCDF of the PAPR of single input single output (SISO) OFDM as a data block with 
Nyquist rate sampling is given by 

P= Pr(PAPR(x(n))>PAPR0)=1- (1- eି୔୅୔ୖ°)N                      (5) 
According to the central limit theorem, the time domain signal samples are mutually independent and uncorrelated and it is not 
precise for a small number of subcarriers. The independent assumption in (5) is not true for the oversampling case [6]-[8]. An 
empirical expression for the CCDF of PAPR can be obtained by approximating the distribution for N subcarriers and oversampling 
by the distribution for LN, (L > 1) uncorrelated subcarriers without oversampling. Therefore, the CCDF of PAPR computed of the 
L-time oversampled OFDM signal can be rewritten as 
P= Pr(PAPR(x(n))>PAPR0)=1- (1- eି୔୅୔ୖ°)LN                                      (6) 
For a MIMO-OFDM system, analysis of the PAPR performance is the similar as the SISO case on each single antenna. For the 
entire system, the PAPR is defined as the maximum of PAPRs among all transmit antennas [9], i.e., 

PAPR୑୍୑୓ି୓୊ୈ୑ =  PAPRiଵஸ୧ஸ୑୲
୫ୟ୶                                                      (7) 

where, PAPRi denotes the PAPR at the ith transmit antenna. Specifically, since in MIMO-OFDM, Mt LN time domain samples are 
compared to LN in SISO-OFDM, the CCDF of the PAPR in MIMO-OFDM can be written as 
Pr(PAPR୑୍୑୓ି୓୊ୈ୑>PAPR0)=1- (1- eି୔୅୔ୖ°)Mt LN                          (8) 
Comparing (8) with (6), it is evident that MIMO-OFDM results in even worse PAPR performance than SISO-OFDM. 

III. PREVIOUS METHOD 
A. PTS Technique 
PTS technique is extensively used to diminish the PAPR reduction in MIMO-OFDM signals. In this method firstly splits the 
frequency vector into a tiny number of blocks [10]. This frequency separation is done before applying the phase transformations in 
MIMO-OFDM signals [11], [12]. Figure 2 represents the functional diagram of the PTS technique. In PTS technique, block partition 
is used to separate the input frequencies into a number of blocks. Each block is processed with the help of IFFT. Finally, the 
appropriate phase vector is chosen from the group of phase vectors. The optimization of b block represents the responsibilities of 
choosing the optimal phase vectors [13], [14]. The input frequency vector length N can be separated into V disjoint sub-blocks as 
follows: 
X = [X1X2.....Xv]                           (1) 
where, Xi = represents the sub-blocks (i = 1,2,…,V). Scrambling technique is used in PTS method to a set of sub-carrier. These sub-
carriers form into a sub-block and multiplied by a phase factor as follows  
b v =  e j �v    for v = 1, 2,…, V     (2) 
Each sub-block is taken into account to calculate the Inverse fast Fourier transform (IFFT). Finally, time domain signal is computed 
as follows: 

x = IFFT {෍b୴X୴}
୚

୴ୀଵ

 

x = ෍b୴IFFT(X୴)
୚

୴ୀଵ

 

x = ෍b୴X୴
୚

୴ୀଵ

 

Xv represents the partial transmit sequence. Minimum PAPR for the corresponding phase vector is defined by, 

 
The Eq. (6) identifies the set of phases based on the computation of minimum PAPR. The time domain signal for each phase with 
minimum PAPR is defined by, 

x̃ = ෍b୴X୴
୚

୴ୀଵ
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Fig. 1  PTS schemes 

B. Clipping Technique 
This is simple technique used for PAPR reduction of OFDM signal. A Clip is also called as non linear saturation which is employed 
about the peaks to reduce the peaks before high power amplifier to lessen PAPR and so is called Clipping Technique. This is simple 
technique but it commences Out Of Band Radiation and In Band Distortion in OFDM Signal. Joint filtering and clipping technique 
reduce the OOB radiation but IB distortion are still there since this method degrades OFDM system performance e.g. spectral 
efficiency and BER. Envelop scaling is used for PAPR reduction due to equality envelop properties of all subcarriers input [15]. 
Clipping means the amplitude of the signal is clipped at the predefined values which limit the peak value of the input signal to a 
predetermined value. Let Y[n] denote the input signal and Yc [n] denote the clipped signal of Y[n], which can be represented as, 
where B is the threshold or predetermines value of clipping level.  

Yc[n] = ቐ
              −B           [n] ≤ −B
              [n]            [n] < B

                   B           [n] ≥ B  
  ቑ 

Clipping is simple but yet it has some drawback. Clipping cause signal distortion which enhance bit-error-rate performance. After 
filtering operation performed on the clipped signal, the clipping level may exceed the signal specified for the clipping operation. 

IV. PROPOSED METHOD 
In this scheme, the PTS and the Clipping scheme are collectively used. Fig.2 shows a block diagram of PAPR reduction scheme 
using the proposed PTS-Clipping algorithm. The main idea of PTS-Clipping is to use the merit of PTS method and then use simply 
nonlinear clipping method to cut the high power value of these minority symbols, considering the out-of-band power leakage, we 
add filtering after clipping, so we can improve the BER performance of the system. 

 
Fig. 2  PTS-Clipping schemes transmitter 
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The random data stream is generated first, and then employs BPSK modulation. Then it is divided into two signals X1 & X2 for 
each antenna. Each signal before transform the sequence from serial to parallel we add the pilot, which will help us to accurately 
recover the data at the receive part. First PTS and then clipping method to process the modulated sequence, and then add cyclic 
prefix to removal the interference between each OFDM sub-carriers. The signal is transmitted into the wireless channel. The exactly 
reversed process is carried out at the receiver end. 

V. SIMULATION RESULT 
The analysis of PTS-Clipping scheme has been carried out using MATLAB 10.a version. The 2 X 2 MIMO-OFDM system under 
consideration, PTS-Clipping scheme based on 64 subcarrier and 4 sub blocks applied to encoded information modulated by BPSK 
modulation scheme was simulated. The oversampling factor is 4.   
Figure3 illustrates the PAPR performances that use Original, PTS and PTS-clipping. Let’s compare the PTS-Clipping curves 
between figure 3, PAPR at CCDF 10-2 is 8.7 dB, 8 dB and 6 dB for Original, PTS and PTS-clipping scheme respectively. It shows 
that 31% improvement as compared to original scheme and 25% improvement as compared to PTS scheme. 
Let’s compare the PTS-Clipping curves between figure4, we see that the superior BER for PTS-clipping as compared to Original, 
PTS. Although PTS technique has reduced the probability that high PAPR values occur. The proposed system PTS clipping 
technique which can fatherly process MIMO-OFDM symbols to reduce the PAPR.  

 
Fig. 3  CCDF Vs PAPR Curve 

 

 
Fig. 4  BER Vs SNR Curve 

VI. CONCLUSION 
Here in this paper the PTS and clipping techniques have been implemented on MIMO-OFDM system. Comparisons are performed 
in terms of the PAPR reduction and BER performances to express the advantages of the proposed schemes. The proposed system 
PTS clipping technique which can fatherly process MIMO-OFDM symbols to improve the BER. PAPR at CCDF 10-2 is 8.7 dB, 8 
dB and 6 dB for Original, PTS and PTS-clipping scheme respectively. It shows that 31% improvement as compared to original 
scheme and 25% improvement as compared to PTS scheme.  
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