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Abstract— OFDM (Orthogonal Frequency Division 

Multiplexing) are multicarrier technique which divides a 

large single data stream to multiple data stream and each 

stream is associate with single subcarrier. Now a day it is 

used for its various Advantages. MIMO (multiple input 

multiple output) system possesses multiple input at 

transmitter and multiple input at the receiver side. Even 

though there is multiple transmit and receive, there is no 

interface between the signals. It improves the signal quality 

and significant capacity gain. Multiple input multiple output 

orthogonal frequency division multiplexing (MIMO-

OFDM) is used for many advantages, the same way they 

have some drawbacks also. (PAPR) peak to average power 

ratio is the major drawback of MIMO-OFDM system..  
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I. INTRODUCTION 

OFDM & MIMO multi carrier technique provide a multiple 

number of small data stream or they divide the entire data 

stream into multiple small data stream due to which system 

capacity & data rates were increased. Other advances are 

they reduce or combat ISI & increase spectral efficiency. It 

also has some limitations like sensitive to frequency error, 

suffers with high peak to average power ratio. Most types of 

communication system require high data rate, but problem 

like PAPR in OFDM & MIMO is evident. The Signal is said 

to have a High PAPR then it prevents to use of a high-

efficiency amplification devices like High Power 

Amplification (HPA), which results in Nonlinearity. Latter 

causes  in-band Distortion and Out-of-Band Radiation which 

simply Increases the Bit Error Rate (BER). To overcome 

such an effect some (Peak to Average Power Ratio) PAPR 

Reduction Techniques are introduced like Amplitude 

Clipping, Partial Transmit Sequence (PTS), Selected 

Mapping Technique (SLM), Tone Reservation (TI) etc. But 

these Techniques have some Criteria Selection of PAPR 

Reduction Techniques
[2]

, On the basis of Which the PAPR 

reduction Techniques are defined   like,. PAPR reduction 

Capability, Distortion, Side Information, Complexity, Power 

increase in Transmit signal, BER increase at Receiver, 

Computational Complexity Increases. 

II. OVERVIEW 

A. Orthogonal Frequency Division Multiplexing 

(OFDM)[1],[3],[4] 

FDM System use Orthogonal Subcarriers is said to be 

OFDM. Due to two frequencies may overlap to each other 

result in increased spectrum efficiency. Subcarriers in 

OFDM signal are orthogonal so, as shown in figure 1 

adjacent channel Overlap without interference. 

 
Fig. 1: Overlapping of OFDM Signal in Frequency 

Domain
[11] 

Orthogonality simply means that the Inner product of two 

signals is zero. If two signals are uncorrelated then they are 

orthogonal. Mathematically, it can be said that the inner 

product between two independent frequencies f1 &f2 can be 

derived as:                        then 

          ∫                                             (1.1) 

 
Fig. 2: FFT based OFDM system

[11]
 

Modulation is the technique by which the signal 

wave is transformed in order to send it over the 

communication channel to minimize the effect of noise. This 

is done in order to ensure that the received data can be 

demodulated to give back the original data. In an OFDM 

system, the high rate information is divided into small 

packets of data which are placed orthogonal to each other. 

This is achieved by modulating the data by a desirable 

modulation technique like quadrature amplitude modulation. 

After this, IFFT is performed on the modulated signal which 

is further processed by passing through a parallel to serial 

convertor. Guard Interval Insertion (GII) is done in order to 

avoid ISI. 

A communication channel is the channel through which the 

data is transferred. Presence of noise in this medium affects 

the signal and distortion in its data content. 

Demodulation is the technique by which the 

original data is recovered from the modulated signal which 

is received at the receiver end. In this case, the received data 

are first made to pass through a low pass filter and the guard 

interval removal (GIR) is done. FFT of the signal is done 
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after it is made to pass through a serial to parallel converter. 

A Demodulator is used, to get back the original signal. The 

bit error rate and the signal to noise ratio is calculated by 

taking into consideration the UN modulated   signal Data 

and the data at the receiving end
[1]

. 

B. Multiple Input Multiple Output (MIMO) 

MIMO is a multiple input multiple output system. MIMO is 

a system which transmitting multiple data beam on multiple 

transmitters to multiple receivers. Here if the fading occurs 

in one path than the other path are not faded & signal is 

successively proceed. Now a day‟s MIMO technology is 

being reason of altering in the digital world due to many 

applications. 

 
Fig. 3: MIMO System

[11]
 

1) The MIMO system greatly increases the channel capacity, 

which is proportional to the total number of transmitter and 

receiver arrays. 

2) The MIMO system provides the advantage of spatial 

variability: each one transmitting signal is detected by the 

whole detector array, which improves system robustness, 

reliability, which also reduces the impact of ISI (inter 

symbol interference) and the channel fading. 

3) The Array gain is also increased, which means SNR gain 

achieved by focusing energy in the desired direction is 

increased. 

III. PERFORMANCE PARAMETERS OF MIMO-OFDM SYSTEM 

Performance Parameter of MIMO-OFDM System are Peak 

to Average Power Ratio (PAPR)
[3]

, Bit Error Rate 
[4],[5]

, 

Signal to Noise Ratio (SNR) ) 
[4],[5]

 Complementary 

Cumulative Distribution Function (CCDF)
[2],[6]

 are as 

follow.  

A. Peak to Average Power Ratio (PAPR)
[3]

 

PAPR occurs in multicarrier system. Sub carriers are out of 

phase with each other. Due to a large number of 

independently modulated sub carrier in OFDM-MIMO 

system, the peak value of the system can be very high as 

compared to the average of the whole system. This ratio of 

the peak to average power value is termed as peak-to-

average power ratio.  

1) PAPR problems  

Problems of PAPR: 

1) Large peak causes saturation in power amplifiers. 

2) Leading to intermodulation products among the sub 

carriers & disturbing out of band energy. 

Therefore, it is desirable to reduce the PAPR.  

3) The input symbol stream of the IFFT may result in 

a non uniform or a spiky power spectrum. 

4) Effect of High PAPR.  

B. Bit error rate (ber)[4],[5] 

BER is one of the performance parameters which quantifies 

the reliability of the entire system from „Bit in‟ to „Bit out‟, 

BER Generally compare the output to the input data stream. 

BER (Bit Error Rate) is defined mathematically as: 

    
            

                
                                                      (1.2) 

C. Signal to Noise Ratio (SNR) [4],[5] 

The SNR is used to measure Clarity of Signal in a circuit. 

SNR is the ratio of Received signal Power to the Noise 

Power. It Inversely relates to BER. 

    
 

 
 

       

       
                                                                

(1.3) 

             (
       

      
)                                                

(1.4) 

D. Complementary Cumulative Distribution Function 

(CCDF) [2],[6] 

It Stands for Complementary Cumulative Distribution 

Function, which is nothing but the curve, which shows the 

probability of the PAPR that Exceeds the Given threshold. 

 It is Curve of Relative Power level to the 

Probability, which shows how much Signal spends at or 

above the given power level, It is used instead of CDF as 

CDF is Increasing Function but           , which 

shows that CDF is decreasing Function. 

IV. PAPR OF MULTICARRIER SIGNAL
[2]

 

The Independent signals Modulated onto sub-channel of 

equal bandwidth. These Independent signals are called as 

Multicarrier Signals.  

Collection of all data symbols                 , and 

vector                  
 
. 

The complex baseband representation of multiple 

Independent Signal consists of N sub-carriers are shown 

below: 

 ( )  
 

√ 
∑     

          
                            (1.5) 

Where  √  ,    
 

  
 Is spacing and NT is Data block 

Period. 

The PAPR of Transmit Signal is defined as below: 

     
         | ( )| 

 

  
∫ | ( )|   
  
 

                                               (1.6) 

Time domain signal samples are represented as a vector  

                 
 

.Which is obtained by 

mathematically as below: 

    (
  

 
)  

 

√ 
∑   

   
           

 

                  

         (1.7)                    

 The PAPR Computed from the L-times 

oversampled time domain signal samples are as below: 

     
           |  | 

  |  |  
                                             (1.8) 

Where        Is denoted as Expectation. 
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V. PAPR REDUCTION TECHNIQUES 

A. Criteria for Selection of PAPR Reduction Techniques 

 No. of factors must be considered for the  Selection 

of a Specific technique for PAPR reduction. Which include 

PAPR reduction Capability, Distortion, Side Information, 

Complexity, Power increase in Transmit signal, BER 

increase at Receiver, Computational Complexity. 

B. Papr reduction techniques 

1) Amplitude clipping
[2],[7],[8]

 

This technique is useful for PAPR reduction & it gives the 

best result in the PAPR reduction. This method limits or 

clips the peak signals or peak amplitude value, the threshold 

value is first determined & on the basis of the threshold 

value in clipped otherwise it can remain as it is. 

 
Fig.4: Block Diagram of Clipping Technique

[7]
 

The distortion caused by the amplitude clipping which 

results in noise which cause In-band distortion & out of 

band radiation. In band distortion can be reduced by filtering 

& result in performance degradation, & out of band 

radiation can be reduced by filtering but cause peak 

regrowth.  

2) Partial transmit sequence (pts)
[2],[7],[8]

 

PTS technique generally has input data block of N symbols 

which are partitioned into disjoint sub clocks & the serial 

data is converted into parallel. Then the sub carriers of each 

sub block are weighted by phase factor & each phase factors 

are selected such a way that PAPR of external signal is 

lower down.  

The amount of PAPR reduction depends on the number of 

sub blocks M and the number of allowed phase factors W. 

Another factor that may affect the PAPR reduction 

performance in PTS is the sub block partitioning, which is 

the method of division of the sub carriers into multiple 

disjoint sub blocks. Three kinds of sub block partitioning 

are: adjacent, Interleaved and pseudo-random partitioning. 

Among them, pseudo-random partitioning has been found to 

be the best choice. 

 
Fig.5: Block Diagram of PTS Technique

[7]
 

             ( )  ∑     
 
                                                 (1.9)                                                                  

   
  [                   ]

                                    

(1.10)                                                           

                 ,                                                               

(1.11)                                                                     

3) Selected mapping technique (slm) 
[2],[7],[8]

 

In This Technique, the transmitter generates the set of 

sufficiently different candidate data blocks & which 

represent the same information as original data blocks & 

they are partitioned into sub blocks & they multiply with 

different phase factor & then IDFT of the combined sub 

block & phase factor is performed & then select the favorite 

among all sub blocks.  

Among the modified data blocks   , u=1, 2, .. U. The one 

with the lowest PAPR is selected for transmission. For 

implementation, the SLM technique needs you IDFT 

operations, and required side information bits are      U].  

 
Fig.6: Block Diagram of SLM Technique

[7]
 

   ( )( )  
 

√ 
∑                 

   
   ,                         (1.12)                                                               

4) Tone reservation 
[2],[7],[8]

 

This method of PAPR reduction is based on adding data 

block dependent time domain signal to original multi carrier 

signal to reduce its peak value. The time domain signal is 

easily computed at transmitter & stripped off at the receiver. 

In this technique transmitter does not send data on subcarrier 

to reduce PAPR. This Technique mainly finds a time 

domain signal & add it to the original time domain signal x, 

then time domain signal we have to find c is 

 
Fig.5: Block Diagram of PTS Technique

[7]
 

        *   )                                              (1.13) 

c= time domain signal due to C 

 

This additional time domain signal causes no distortion until 

the subcarrier is orthogonal. 

VI. COMPARISON AMONG PAPR REDUCTION TECHNIQUES 

Table I shows Comparison between Different PAPR 

Reduction techniques.  

TABLE I Comparison of PAPR Reduction techniques 
[9]

 

Methods Clipping PTS 
Tone 

Reservation 
SLM 

PAPR 

reduction 

Capability 

High Medium Medium Medium 
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Distortion Yes No No No 

Side 

information 
No Yes No Yes 

Complexity Low 
Low-

High 
Less 

Low-

High 

Power increase No No  No 

BER Medium High  High 

VII. CONCLUSION 

This Paper Proposed an Overview of Peak to Average 

Power Ratio Reduction in MIMO-OFDM System. We have 

discussed about an OFDM system which has mainly had a 

high Bandwidth Expansion. MIMO System is mainly for the 

Multiple Transceiver purpose. MIMO-OFDM System 

Reduces Receiver‟s Complexity and it has many more 

advantages Applications. In spite of having so many 

advantages it has one Drawback which ruins all the positive 

effects. This drawback is High Peak to Average Power 

Ratio, which is mainly, appears in multiple modulation 

techniques. PAPR must be reduced for the better 

performance of the system so, Some PAPR Reduction 

techniques are discussed here and Selection of these 

techniques is based on some factors affecting PAPR 

Reduction techniques, based on that factor only PAPR 

Reduction techniques are used. 

This paper discusses about some Performance Parameters of 

PAPR Reduction techniques and their Comparison of PAPR 

Reduction techniques and Factors affecting that Techniques. 
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