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ABSTRACT: This paper proposes a method using genetic algorithm to reduce the PAPR (Peak-to-Average Power 
Ratio) in large Multi-user MIMO-OFDM. One of the major disadvantages of OFDM (Orthogonal Frequency Division 
Multiplexing) is high PAPR which can result in poor power efficiency and serious distortion in the transmitter 
amplifier, ATR (Adaptive Tone Reservation) scheme repeatedly perform the TR (Tone Reservation) scheme on the 
antenna with the maximum PAPR and reduce the PAPR of the antenna. Mutation and crossover of the genetic 
algorithm is used to reduce PAPR by eliminating the number of iteration with maximum power and process only the 
least powerful iterations. 
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I. INTRODUCTION 
 

“Large-scale multi-user (MU) multiple-input multiple-output “(MIMO) has been popularly under research in 
recent years, because it can be sufficiently increased the capacity and the reliability of the wireless communication 
system. To deal with the frequency selective fading, large-scale MU-MIMO OFDM systems can be combined with the 
orthogonal frequency division multiplexing (OFDM) systems, and generates large scale MU-MIMO OFDM systems. 
The best way for reducing energy costs is to increase the efficiency of the high-power amplifier (HPA) in the radio 
frequency (RF) in the front end of the base stations. The efficiency of the HPA is directly proportional to the peak-to-
average power ratio (PAPR) of the input signal. The PAPR problem intensifies further in orthogonal frequency division 
multiplexing (OFDM) multicarrier transmission, which has been  extensively applied in most of the wireless standards 
such as the Third Generation Partnership Project (3GPP) Long- Term Evolution Advanced (LTE-A) standard. The 
current version of these technologies isnot capable to accomplish the original ITU-R needed data rates of 
approximately up to 1Gbit/s for 4G systems. Currently for marketing 4G is used as a representation for Mobile-
WiMAX and LTE. 

The methods which are currently available for PAPR reduction cannot be directly used extensively in MU-MIMO-
OFDM systems, because the OFDM signals on each antenna are mutually coupled which would increase the 
calculation complexity by the order of magnitude. To solve this problem genetic algorithm is used. Genetic algorithm is 
used to generate set of signals with different power values. Mutation and cross over is used to select the best set of 
signal with minimum power and further reduce the PAPR values. 

 
II. RELATED WORK 

 
Many methods have been suggested to reduce PAPR over the years, with different levels of success and 

complexity. 
“Selective Mapping“(SLM), the input data sequence is multiplied by each of the phase sequences to generate 

alternative input symbol sequences. It depends on the phase factor. “Partial transmit Sequence“(PTS), is method in 
which the block is divided into non overlapping sub blocks which is independent of the rotational factor. This rotational 
factor supports to produce data in time domain with low amplitude. It is better than the former because no side 
information is required. Interleaving is a method in which a threshold value is given based on which the process is 
terminated if the PAPR is lower than the fixed threshold value. “Tone reservation “is the technique in which a default 
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set of tones which is reserved, by using this method PAPR is reduced around 4db for each subcarrier. It can be future 
improved by using “Adaptive Tone Reservation” method. 

“Adaptive Tone Reservation” is the process in which performs the repeatedly the Tone Reservation to as to obtain 
the maximum best result possible. In this method a threshold value is given based on which the tones with maximum 
PAPR values are rejected and the tones with minimum value is subjected to further processing .It eliminates the 
processing in the receiver end which reduce the cost and complexity.Adaptive tone reservation base reduction of peak 
power for multi-user MIMO broadcast channel with M single-antenna users and N transmit antennas under the 
limitation that each antenna are mutually coupled with other antenna. Thereason for this is that to perform power-
reduction all the antennas are jointly considered, when these schemes are used in extensively MU-MIMO-OFDM 
systems. MATLAB simulations and numerical results show that, MIMO conditions on the channel gains, adaptive tone 
reservation (ATR) scheme based large-scale multi-user (MU) multiple-input multiple output (MIMO).The method 
yield optimized performance results with threshold scheme and thus the existing peak-to-average power ratio (PAPR) 
problem is reduced to a considerably extend. The basic idea of the proposed ATR method repeatedly carries out the TR 
method on the antenna with the maximum PAPR. Here we compare simulation results of TR method over PTS method 
to validate the tone reservation methods and then the ATR method in PAPR reduction performance is analysed over 
multi user environments and its calculational complexity reduction is proved against conventional TR scheme. 

 
III. PROPOSED ALGORITHM 

 
Genetic based approach is proposed to reduce PAPR in Multi-User-MIMO OFDM system along with ATR to 

achieve better optimization with lesser complexity. Genetic algorithm will give better performance regardless of the 
number of carriers used for sub carrier mapping. From the left side of block diagram, the data information in frequency 
domain X is separated into N non- overlapping sub-blocks and each sub-block vector has the same size P. These sub 
blocks are been given to IFFT and the output is mixed with the factor from optimization method. 

 
 

Fig 1: PAPR reduction using Genetic Algorithm 
 

A. PAPR Reduction  
 The PAPR of MU-MIMO-OFDM systems primarily depends on the maximum PAPR of all transmit 
antennas, and our target is to reduce the peak power all the transmit antennas. However, the TR method moderately 
carries out the TR iterations on every antenna. 

 Produce all potential combinations of weighting factor in the IFFT block. 
 PAPR is defined as the ratio between the maximum instantaneous power and its average power 
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 Finally optimization will be attained. 
 

……eq (1) 
B. Genetic Algorithm 
 Among others biologically inspired optimization methods, genetic algorithms (GA) has been one of the 
best globally proved search technique to deal with different engineering and optimization problems. Three main genetic 
operators are sequence selection, crossover and mutation. Sequence selectionproduce initial population randomly. Each 
solution is then assessed and assigned a fitness value. Based on the fitness function, the most suitable solutions are 
chosen. After this process, crossover is carried out to produce new offspring. 
 “Mutation”is then applied with determinate probability intent to avoid falling of all solutions into a local 
optimum. While carrying out the GA has been repeated as far as the termination criterion (i.e. reached number of 
populations, of obtainedsolution with a described tolerance, etc.) is fulfilled. Crossover and mutations are among the 
most important operators that can increase the efficiency of GA. The “crossover” is used to produceoffspring by 
exchanging bits in a pair of parent’s chromosomes selected from the population. “Crossover” occurs with a crossover 
probability (crossover rate, xovr) that points out the ratio of how many couples will be selected for mating. The 
“mutation operator” changes some elements in chosen chromosomes with a mutation probability (mutation rate, mutr). 
The operator includes diversity which facilitates the genetic algorithm to get rid of local minimum. It is well known 
that optimal crossover and mutation rates vary for different problems and the success of GA depends on their choice. 
 

IV. PSEUDO CODE 
 

i.  Generate a set of random solutions (genes in chromosomes set) 
ii. Test the solution in the chromosome set 

iii. Remove the bad solution using Adaptive Tone Reservation scheme 
iv. Mutate the good ones 
v. Further crossover the resultant sets 

vi. Repeat until the good solution 
 

V. SIMULATION RESULTS 
 

 The simulation result is obtained as given in the below graph.The comparison between the conventional 
methods and our proposed method can be understood from this simulation result.The PAPR reduction is achieved 
better than the other methods by using genetic algorithm. 
 

 
Fig 2: PAPR Reduction in OFDM 
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The simulation result forthe comparison between the ATR and Genetic algorithm is obtained as given in the below 
graph.From the simulation result we could infer that as the number of bits increase, the performance of genetic 
algorithm also increases.At lower bits genetic algorithm show less variations when compared with other methods but as 
the number of bits increased there is a drastic difference in reduction of PAPR in comparison with ATR.For the 
simulation purpose 128bits and 266 bits are taken and the performance of genetic algorithm is analysed in comparison 
with ATR.From this we can clearly observe that for 128bits the PAPR reduction is improved for a considerable extend 
by using genetic algorithm than by using ATR,whereas in 266 bits we could drastically see the difference in the 
performance of the two methods 

 
Fig 3:PAPR Reduction in MU-MIMO OFDM 

A. Performance comparison: 
 

Parameters ATR-128 bits Genetic 
algorithm-128bits 

ATR-256 bits Genetic 
algorithm-
256 bits 

ccdf value 0.1 0.1 0.1 0.1 
PAPR reduction(dB) 3.6 1.9 12 2.3 
Running time (s) 74.12 20.50 236.22 116.99 

 
Table 1: Performance Comparison for 128 bits and 256 bits 

 
The performance comparison between the Adaptive Tone Reservation and genetic algorithm for 128 bits and 256 bits is 
given as in the above tabulation. The ccdf value PAPR reduction and running time is analysed. From the performance 
comparison we can infer that Genetic algorithm show less variation than the ATR methods. Though it is less Genetic 
algorithm is better than the ATR even at lower bit levels. At higher bit levels genetic algorithm shows a drastic 
difference than the other method. Thus genetic algorithm is best suitable for the higher level bits. 
 

VI. CONCLUSION AND FUTURE WORK 
 
In our project we persuaded the concept of GA for ATR scheme over multiple antennas with maximum PAPR 
reduction in MU MIMO OFDM systems, the number of variations that have been suggested is enormous. Optimization 
will be achieved with minimum iteration using genetic algorithm. Many variations in population size, in initialization 
methods, in fitness definitions, in selectionand replacementstrategies, in crossover and mutation are obviously possible. 
We can add information such as age, or artificial tags, to chromosomes; in order to reduce complexity further. 
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