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ABSTRACT  

 (This paper contains the Hadamard Transform in the SLM for the reduction of high 

peak to average power ratio (PAPR) in   MIMOOFDM systems. In this technique, the input 

sequence is multiplied by a set of phase rotation vectors respectively and then applies the 

Hadamard Transform to the each resulting sequence based on SFBC. After that perform the 

Inverse Fast Fourier Transform in order to get the time domain signal. The equivalent SFBC 

encoding operations in the time domain for generating candidate signal sets is performed, 

where one with the lowest maximum PAPR is selected for transmission. The proposed 

method has lower computation complexity and reduces the PAPR. The experimental results 

shows that the PAPR reduction performance of Hadamard SLM technique and compare with 

the PIIM, SLM and with the Simplified SLM techniques).  
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INTRODUCTION  

 

Orthogonal frequency division multiplexing (OFDM) technology is one of the most attractive 

candidates for fourth generation (4G) wireless communication. It effectively combats the 

multipath fading channel and improves the bandwidth efficiency. At the same time, it also 

increases system capacity so as to provide a reliable transmission [1]. OFDM uses the 

principles of Frequency Division Multiplexing (FDM) [1] but in much more controlled 

manner, allowing an improved spectral efficiency [1]. The basic principle of OFDM is to split 

a high-rate data stream into a number of lower rate streams that are transmitted 

simultaneously over a number of subcarriers. These subcarriers are overlapped with each 

other. Because the symbol duration increases for lower rate parallel subcarriers, the relative 

amount of dispersion in time caused by multipath delay spread is decreased. Intersymbol 

interference (ISI) is eliminated almost completely by introducing a guard time in every 

OFDM symbol. OFDM faces several challenges. The key challenges are ISI due to multipath-

use guard interval, large peak to average ratio due to non linearity‟s of amplifier; phase noise 

problems of oscillator, need frequency offset correction in the receiver. Large peak-to-average 

power (PAP) ratio which distorts the signal if the transmitter contains nonlinear components 
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such as power amplifiers (PAs). Therefore, reducing the PAPR is of practical interest. Many 

PAPR reduction methods have been proposed. Some methods are designed based on 

employing redundancy, such as coding [4], [5], selective mapping with explicit or implicit 

side information [6], [3], [5], or tone reservation  An apparent effect of using redundancy for 

PAPR reduction is the reduced transmission rate. PAIn this work, we survey the PAPR 

reduction techniques for OFDM. We also present PAPR reduction technique based on 

selective mapping (SLM) under different route number M  

  

 OFDM SYSTEM ARCHITECTURE  

 OFDM is multicarrier modulation technique known for its capability to mitigate multipath. In 

OFDM, a high speed data stream is divided into “N” narrowband data streams and is 

modulated using subcarriers which are orthogonal to each other and the information is 

transmitted on each sub carrier. OFDM is well suited for transmission of high data rate 

applications in fading channels due to its robustness to inter symbol interference. IFFT is 

performed at the transmitter and FFT at the receiver, resulting in conversion of wideband 

signal affected by frequency selective fading, into “N” narrowband flat fading signals. 

Therefore, simpler equalizer is required at the receiver 

 

 

 

 
 

 

Fig 1:Transceiver of OFDM  

 

MIMO-OFDM [4], technique is used in wireless communication systems to achieve gigabit 

transmission. It enables high capacities suited for internet and multimedia services which 

increase the range and reliability. It also increases diversity gain and enhance system capacity 

of application services on a time-varying multipath fading channel improving power-spectral 

efficiency in wireless communication systems besides optimizing the power efficiency. The 

technology guarantees each user's quality of service (Qos) requirements that include low bit-

error rate (BER) and high data rate and as a result ensures fairness to all the active users. It 

allows transmission over high frequency selective channels at a reduced Bit Error Rate with 

better quality signal. As MIMO can be combined with any modulation or multiple access 

technique, therefore the implementation of combination of MIMO and OFDM is more 
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efficient. OFDM has the property of robustness against multipath delay spread. This is 

achieved by having a long symbol period, which minimizes the inter-symbol interference [5]. 

MIMO, can be used either for improving the SNR or data rate.  

 

HADAMARD TECHNIQUE  

In this technique to reduce the occurrence of the high peaks compared to the Simplified SLM. 

The idea to use the Hadamard Transform is to reduce the autocorrelation of the input 

sequence to reduce thepeak to average power problem and it requires no side information to 

be transmitted to the receiver. In the section, we briefly review Hadamard Transform. We 

assume H is the Hadamard Transform matrix of N orders, and Hadamard matrix is standard 

orthogonal matrix. Every element of Hadamard matrix only is 1 or -1. After the sequence 

X=[X1, X2…Xn] is transformed by Hadamard matrix of N order, the new sequence is Y=HX 

The coming input data stream is firstly transform by the Hadamard Transform then the 

transformed data stream is applied as input to IFFT signal processing unit.  

The signalprocessing step is below: 

1. The sequence X is transformed byHadamard matrix, i.e. Y=HX 

2. Apply inverse IFFT i.e y=IFFT (Y) 

3. The equivalent SFBC encoding operations in the time domain for generating candidate 

signal sets is performed, where one with the lowest maximum PAPR is selected for 

transmission. 

 

 

      
                                         Fig 2: The block diagram of Hadamard SLM 

 

 

EXPERIMENTAL RESULTS  

The OFDM system we used in the simulations has N = 128 subcarriers with QPSK modulation 

format, where L = 4 times oversampling is used to approximate the true PAPR. The phase 

rotation vectors adopted in our simulations were randomly selected from the set {±l, ±j} and 

perfectly known at the receiver, i.e., the side information was assumed to be correctly detected 

at the receiver. For comparison, we considered both Simplifed SLM and Hadamard SLM in our 

simulations. The number of assessedcandidate signal sets is denoted as USSLM/PII/HSLM. 
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Fig 3: PAPR reduction in OFDM for different route number 

 

 

CONCLUSION  

This paper, a PAPR reduction scheme by using Hadamard Transform in the SLM is 

proposed.Simulation results show that the PAPR reduction performance is improved 

compared with the PII and Simplified SLM. The Hadamard SLM has lower computational 

complexity; and this Hadamard SLMrequires no side information to be transmitted at the 

receiver. The proposed scheme achieves comparable PAPR reduction performance compared 

with thesimplified SLM . 
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