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ABSTRACT  

Increased data rates and reliability are the two key factors 

required to support emerging multimedia applications and 

new communications technologies. The two techniques used 

in high data rate transmission are orthogonal frequency 

division multiplexing (OFDM) and multiple-input multiple-

output (MIMO) scheme. The OFDM is used to mitigate the 

problem of inter symbol interference (ISI) and provides good 

protection against co-channel interference and noise. MIMO 

system helps to reduce fading and can be used for decreasing 

bit error rate that is spatial diversity or to increase the data rate 

that is spatial multiplexing. The combination of MIMO and 

OFDM is MIMO OFDM system. MIMO-OFDM system 

converts frequency selective MIMO channel into multiple 

parallel flat fading channels. One of the major drawbacks of 

in MIMO-OFDM systems is that the transmitted signal 

exhibits a high PAPR when the input sequences are 

correlated. In this paper, AMS and PTS schemes have been 

used to reduce peak to average power ratio (PAPR) in 

multiple input multiple output orthogonal frequency division 

multiplexing (MIMO OFDM) system with Alamouti’s space 

time block coding (STBC). The AMS scheme reduces the 

computational complexity and when AMS scheme is used 

with quadrature amplitude modulation (QAM). Simulation 

and results show that the AMS scheme reduces PAPR more 

efficiently than the PTS scheme. 
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1. INTRODUCTION 
With the advent of next generation (4G) broadband wireless 

communications, the combination of multiple-input multiple-

output (MIMO) wireless technology with orthogonal 

frequency division multiplexing (OFDM) has been recognized 

as one of the most promising techniques to support high data 

rate and high performance [1]. Multiple-input multiple-output 

(MIMO) wireless technology in combination with orthogonal 

frequency division multiplexing (OFDM) is an attractive air-

interface solution for next-generation wireless local area 

networks (WLANs), wireless metropolitan area networks 

(WMANs), and fourth-generation mobile cellular wireless 

systems [2]. Multiple-input multiple-output (MIMO) 

technology meet the demands of next generation by offering 

increased spectral efficiency through spatial multiplexing 

gain, and improved link reliability due to antenna diversity 

gain [3]. OFDM has the potential to play an important role in 

the design of the next generation broadband wireless 

communication systems. Orthogonal frequency division 

multiplexing (OFDM) is a multi-carrier modulation technique 

that transmits the signals through multiple carriers and these 

multi-carriers or subcarriers have different frequencies. The 

major advantage of OFDM is its ability to cope with severe 

channel conditions, for example, multipath fading and 

narrowband interference, without complicated equalization 

filters [1]. One popular combination of MIMO and OFDM is 

the STBC-OFDM which was first proposed in [4, 5]. 

Alamouti-based space-time coding technique is one of the 

most effective transmitter diversity methods and when 

combined with OFDM, it enhances the system performance 

[6]. Space-time block coding (STBC) has come out as one of 

the major techniques to tap the MIMO benefit. STBC consists 

of data coded through space and time to improve the 

reliability of the transmission. An OFDM signal has high 

PAPR from the summation of the subcarriers at the 

transmitter and some combination of the subcarriers creates 

large peaks. The envelope of the transmitted signal is not 

constant showing peaks whose power exceeds the mean 

power. Therefore, to prevent the OFDM signal from 

distortion, the transmit amplifier must work in linear region. 

Therefore, for OFDM systems large range power amplifiers 

are required. But these amplifiers increase the cost of the 

OFDM systems. Consequently, reducing the PAPR is 

essential to reduce the cost of OFDM systems. Recently, 

various algorithms of the PAPR reduction have been proposed 

for MIMO OFDM systems in the literature, including clipping 

[7], selected mapping (SLM) [8], [9], partial transmit 

sequences (PTS) [10], [11]. However, when these methods are 

directly employed to reduce the PAPR in MIMO-OFDM 

systems, it results in an increase of the complexity and 

redundancy with the increasing number of antennas.  

In this paper, an alternative multisequence (AMS) [12] and 

partial transmit sequence (PTS) scheme is used to reduce the 

PAPR of MIMO-OFDM signals. Alamouti space–time block 

coding (STBC) is employed in MIMO-OFDM systems in this 

paper with 4-QAM and 16-QAM.  

2. SYSTEM MODEL 
In this MIMO OFDM system, STBC codes are used as a 

channel coding technique to do error correction and detection 

and AMS/PTS scheme is employed to reduce PAPR. The 

input bits are given to modulator where modulation of input 

bits takes place using M-QAM complex constellation.  

 

The modulated signal is given by  
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    and     are information bearing signal amplitudes of 

quadrature carriers and      is the input signal pulse. 

The M-QAM modulated symbols are passed through the 

STBC encoder and complex matrix Z is generated such that 

symbols are coded through space and time. So, replicas of 

modulated symbols for Alamouti coding are sent through two 

transmit antennas and over two time slots.  

 

 

                                                               

 

 

 

 

  

 

 

 

 

 

 

Fig. 1: Block diagram of STBC MIMO OFDM system with 

AMS/PTS Scheme. 

The encoded sequence can be found by 

   
       
                                       

The encoded bits are given to the OFDM modulator where the 

bits are mapped with the orthogonal carriers. An 

inverse FFT is computed on each set of symbols, giving a set 

of complex time-domain samples. 

     
 

  
     

   

   

 
     

                              

where j =     and n= 0,1,…..(N-1). 

After OFDM modulation, AMS or PTS scheme is applied to 

reduce PAPR. Finally, the signal with minimum PAPR is 

transmitted through its respective antennas. 

The PAPR of MIMO-OFDM system is defined by 

 

           
            

          
                   

where E    is the mathematical expectation. 

Complementary cumulative density function (CCDF) for 

PAPR is given by 

 

                                                

 

3. METHODS 

3.1 AMS Scheme 
The AMS scheme is proposed by Tao Jiang and Cai Li in 

2012 [12]. In this scheme, after STBC encoder, the coded data 

is partitioned into sub blocks, and IFFT operation is 

performed on each sub block where the frequency domain 

signals are converted into time domain signals. 

Finally, AMS scheme is implemented, in which two inputs are 

given to the AMS block one input is from IFFT block and 

another input to AMS block is the conjugate of the output of 

the IFFT block. Suppose the output of the IFFT block is 

  
               , then the two inputs to the AMS 

block will be   
  and   

  where, 

  

   
     

                   
 

The AMS scheme will generate new sequences which are 

given by 

  
       

   
 

     
              

  
       

   
 

     
              

 

Where    and    are positive integers with      and    

= 1 and 2 respectively. 

Then the alternate transmitted signals are given by 

 

      
 

   

   

                

where       . 
Finally, the signal with the lowest PAPR are chosen for 

transmission. 

 

3.2 PTS Scheme 
The partial transmit sequence (PTS) is an attractive technique 

because of good PAPR reduction performance and no 

restriction to the number of subcarriers [13]. It can be said that 

PTS method is a modified method of SLM. PTS method 

works better than SLM method. The main advantage of this 

scheme is that there is no need to send any side information to 

the receiver of the system, when, differential modulation is 

applied in all sub blocks. In this scheme, the coming input bits 

are divided into smaller disjoint sub blocks. Input from each 

partitioned sub block converted from frequency domain to 

time domain by using N-point inverse fast fourier transform 

(IFFT). The time domain sequences are multiplied by rotating 

phase factors,                   , to minimize PAPR and then 

these sequences are then added to form the OFDM symbol for 

transmission. 

 

The resulting time domain signal,  

            

 

   

          

Allowable phase factor,  

                       
 

   is the time domain sequence and    can take the value 

between (0 ,2π). 

The main aim of this scheme is to design an optimal phase 

factor for each sub block set that minimizes the PAPR. 

Finally, the signal with the lowest PAPR are chosen for 

transmission. 

 

4. SIMULATION AND RESULTS 
Simulations have been conducted to evaluate the PAPR 

reduction in STBC MIMO OFDM system where number of 

subcarriers, N=256, oversampling factor, Nos=4, number of 

subblocks, M = 2 & 4, and number of OFDM blocks for 

iteration, Nblk = 3000. Complementary cumulative density 

function is used to depict the statistical properties of PAPR in 

STBC MIMO OFDM system, as PAPR is a random variable. 
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Fig.2: PAPR reduction of AMS and PTS scheme with 4-QAM. 

 

Fig.3: PAPR reduction of AMS and PTS scheme with 8-QAM. 

 

Fig.4: PAPR reduction of AMS and PTS scheme with 16-QAM. 

 
 

Fig.5: PAPR reduction of AMS and PTS scheme with 32-QAM. 

 
Fig.6: PAPR reduction of AMS and PTS scheme with 64-QAM. 

 

 
 

Fig.7: PAPR reduction of AMS and PTS scheme with 128-QAM. 
 

Figure 2, figure 3, figure 4, figure 5, figure 6 and figure 7 

show the reduction of PAPR with AMS/PTS with M=2 and 4, 

and original signal for 4-QAM, 8-QAM, 16-QAM, 32-QAM, 

64-QAM and 128-QAM. In this PTS scheme is applied with 

the number of phase rotation factors for each subblock, i.e. W 

is equal to the number of subblocks, which means for M=2, 

W=2 and for M=4, W=4, respectively.  Table I shows the 

different values of PAPR at Pr(PAPR>PAPR0) = 10-2. For 4-

QAM, when the original signal is compared with the AMS 
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scheme, 1.5097 dB and 2.7621 dB PAPR reduction with M=2 

and M=4, whereas when the original signal is compared with 

the PTS scheme, 0.545 dB and 2.1871 dB PAPR reduction 

with M=2 and M=4.  For 8-QAM, when the original signal is 

compared with the AMS scheme, 1.2346 dB and 2.6464 dB 

PAPR reduction with M=2 and M=4, whereas when the 

original signal is compared with the PTS scheme, 0.53 dB and 

2.1093 dB PAPR reduction with M=2 and M=4. 

 

Table 1.  Comparison of AMS and PTS schemes with 

original signal for different modulation schemes 

M Modulation  CCDF 

 

Original 

(dB) 

PTS  

(dB) 

AMS 

(dB) 

 

 

2 

4-QAM 10-2 10.545 10 9.0353 

8-QAM 10-2 10.38 9.85 9.1454 

16-QAM 10-2 10.4224 9.9224 9.0885 

32-QAM 10-2 10.5 9.872 8.9643 

64-QAM 10-2 10.564 9.892 9.0408 

128-QAM 10-2 10.374 9.805 9.12 

 

 

4 

4-QAM 10-2 10.545 8.3579 7.7829  

8-QAM 10-2 10.38 8.2707 7.7336 

16-QAM 10-2 10.4224 8.3124 7.6729 

32-QAM 10-2 10.5 8.3605 7.6788 

64-QAM 10-2 10.564 8.31 7.722 

128-QAM 10-2 10.374 8.32 7.7879 

 

For 16-QAM, when the original signal is compared with the 

AMS scheme, 1.3339 dB and 2.7495 dB PAPR reduction with 

M=2 and M=4, whereas when the original signal is compared 

with the PTS scheme, 0.5 dB and 2.11 dB PAPR reduction 

with M=2 and M=4. For 32-QAM, when the original signal is 

compared with the AMS scheme, 1.5357 dB and 2.8212 dB 

PAPR reduction with M=2 and M=4, whereas when the 

original signal is compared with the PTS scheme, 0.628 dB 

and 2.1395 dB PAPR reduction with M=2 and M=4. For 64-

QAM, when the original signal is compared with the AMS 

scheme, 1.5232 dB and 2.842 dB PAPR reduction with M=2 

and M=4, whereas when the original signal is compared with 

the PTS scheme, 0.672 dB and 2.254 dB PAPR reduction with 

M=2 and M=4. For 128-QAM, when the original signal is 

compared with the AMS scheme, 1.254 dB and 2.5861 dB 

PAPR reduction with M=2 and M=4, whereas when the 

original signal is compared with the PTS scheme, 0.569 dB 

and 2.054 dB PAPR reduction with M=2 and M=4. 

5. CONCLUSION 
Orthogonal frequency division multiplexing (OFDM) is a 

very attractive technique for wireless communications due to 

its spectrum efficiency and channel robustness. One of the 

major drawbacks of in MIMO-OFDM systems is that the 

transmitted signal exhibits a high PAPR when the input 

sequences are correlated. In the present work, two different 

PAPR reduction techniques i.e. AMS and PTS have been 

implemented on the MIMO OFDM system and the PAPR 

reduction parameter has been analyzed. The Alamouti’s 

STBC has been used to make MIMO OFDM system. The 

results show that AMS scheme is more effective than the PTS 

scheme to reduce PAPR in STBC MIMO OFDM systems 

with QAM modulation. 

 

 

6. FUTURE SCOPE 
Further this work can be extended to increase the performance 

of the MIMO-OFDM system by using different channel 

coding techniques and using other PAPR reduction 

techniques. Also there is a scope to implement the MIMO-

OFDM system by using different modulation schemes.  
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