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I. ABSTRACT 

To optimize the PAPR in conventional OFDM, Selective Level Mapping (SLM) is considered in this paper as 

it reduces PAPR significantly without loss of information. Orthogonal Frequency Division Multiplexing 

(OFDM) is the multicarrier modulation techniques, and it provides the provides the high spectral efficiency, 

low complication in implementation, less sensitivity to echoes and distortion.  Due to these advantages of 

OFDM system is vastly used in various communication systems. But the major drawback of OFDM system 

is increase in peak power due to coherent addition of sub carriers. OFDM signal is the sum of many 

independently modulated sinusoidal waves and the amplitude is almost Rayleigh distribution. Amplitude 

of OFDM signal shows strong fluctuations and the resultant high Peak-to-Average. Several techniques have 

been proposed to reduce PAPR, SLM can be employed in this paper to reduce PAPR in an OFDM system. 

In SLM, PAPR can be reduced by multiplying the original signal with phase vector and generate statistically 

independent sequences which represent the same information before IFFT operation in OFDM system. The 

resulting independent data blocks are then forwarded into IFFT operation simultaneously and generate 

OFDM signal sequences. After that compute the PAPR for all the OFDM signal sequences. Finally, the one 

sequence with the smallest PAPR will be selected for transmission. The proposed SLM scheme achieves 

better PAPR reduction performance compared with the conventional OFDM. The performance of the 

proposed SLM scheme is verified with various modulation schemes. The results are simulated using 

MATLAB.  

Keywords: OFDM, Peak to Average Power Ratio (PAPR), SLM 

 

II.INTRODUCTION 

Orthogonal frequency division multiplexing is an attractive technique for wireless high-rate data transmission 
due to the minimizing effects over frequency-selective fading channels. As such, OFDM has been chosen 
for European digital video broadcasting (DVB), wireless local area networks standards (WLANs) (802.11), 
and digital audio broadcasting (DAB) and is being considered for the long-term evolution of 3GPP. However, 
compared with signal carrier signals, OFDM inherits some drawbacks such as sensitivity to synchronization 
errors and high PAPR at the transmitter, because an OFDM signal is the sum of many narrowband signals 
in the time domain. The high PAPR can cause the signal distortion such as the in-band distortion and the 
out of- band radiation due to the nonlinearity of high-power amplifier (HPA) and induces the degradation of 
bit error rate (BER). Thus, it is highly desirable to reduce the PAPR of an OFDM signal. 
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II. PAPR REDUCTION TECHNIQUES 

PAPR reduction techniques are vary according to the requirements of the system. The PAPR reduction 
technique, those are PAPR reduction capability, Power increase in transmit signal, BER increase at the 
receiver, Loss in data rate and Computational complexity increase. Other considerations include the transmit 
filter, the digital to analogue converter, and the transmit power amplifier. 

• Signal distortion techniques 
It clips the peak amplitudes of a signal at the expense of introducing a slight distortion of the spectrum of the 
signal. Signal distortion techniques are Clipping and Filtering, Companding, Peak windowing, Peak 
cancellation, Peak Reduction Carrier and Envelope Scaling 

• Coding Techniques 
Different coding sequences are used in the use of generating OFDM symbols. Coding Techniques are Block 
Coding Techniques and Block Coding Scheme with Error Correction. 

• Symbol-scrambling techniques:  
The main purpose of the technique is to scramble the input OFDM symbols by using number scrambled 

sequences. The output scrambled signal is equivalent to the smallest PAPR transmitted. Symbol-scrambling 

techniques are Partial Transmit Sequences and Selected Mapping. 

Some other popular techniques have been used to reduce PAPR are Tone reservation, Tone injection, Active 

Constellation Extension, and Interleaving Technique 

Comparison of different PAPR reduction schemes: 

TABLE I.  COMPARISON AMONG DIFFERENT PAPR REDUCTION SCHEMES 

PAPR Reduction Method PRC API BER DRL CC OBR 

Clipping and Filtering Good N Y N Low Y 

Companding Good N Y N Med Y 

Coding Good N N Y High N 

PTS Good N N Y High N 

SLM Good N N Y High N 

TR Good N N Y High N 

TI Good Y N N High N 

 
Table I compares the PAPR reduction capability (PRC), average power increase (API), BER degradation 
(BER), data rate loss (DRL), out-of-band radiation (OBR), and computational complexity of several types of 
PAPR reduction techniques (CC). 
III. Proposed Selective Level Mapping 

Selected Mapping (SLM) technique is the most promising reduction technique to reduce Peak to Average 
Power Ratio (PAPR) of Orthogonal Frequency Division Multiplexing (OFDM) system. The first SLM scheme 
was introduced by Bauml, Fischer and Huber in 1996 [8]. The basic idea of this technique is based on the 
phase rotation. The lowest PAPR signal will be selected for transmission from a number of different data 
blocks (independent phase sequences) that have the same information at the transmitter. Figure 9 shows a 
block diagram of SLM scheme [9].  
Let us assume that the original input data X = [X0, X1…, XN-1 ]T multiplied with independent phase 
sequences P(u) = [P0(u) , P1(u)  , PN-1(u)]T (u =0,1, U-1) , where U is the number of phase sequences. 
Both the input data and phase sequences have the same length N (u = 0, 1…, U-1). After multiplication, 
Inverse Fast Fourier transform (IFFT) will be applied on each sequence to convert the signal from frequency 
domain to the time domain. The result from multiplication will generate the data block of an OFDM system 
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that has different time domain signals, with length of U, and different PAPR values, X(u)=[X0(u), X1(u) , … 
, XN-1(u)]T . The last step is comparing the PAPR among the independent data blocks and the candidate 
~𝑋 with the lowest PAPR will be selected for transmission. The following equation expresses the optimal 
candidate that has the lowest PAPR and selected for transmission [9],  
~𝑋 = arg (min [PAPR(X(u))]) 1 ≤ u ≤ U-1 
 

 

Fig. 1. Block diagram of the conventional SLM scheme 

Threshold Selected Mapping 

The complex baseband of an OFDM signal that has N subcarriers with Nyquist sample rate can be 
expressed as 

x(t) = 1/ √N∑ 𝑋(𝑖)𝑒𝑗2𝜋𝑡/𝑁𝑁−1
𝑖=0    0 ≤ t ≤ N-1 

Where Xi are the modulation symbols. The central limit theorem shows that, if the number of subcarriers N 
is large, x(t) are zero mean Gaussian random variables. And for x(t) complex Gaussian the OFDM signal is 
Rayleigh distributed with a variance of 0.5, and the phase of the signal is uniform. The peak value of the 
signals that have Rayleigh distribution will exceed any values with nonzero probability. Let us assume that 
the average power of x(t) is equal to 1, and Zn is the independently and identically distributed (i.i.d) Rayleigh 
random variables. The probability density function of Zn is given by [10],  

fzn (Z) = 2 Z 𝑒−𝑍 , n= 0,1,…, N-1 
The maximum value of Zn is equivalent to PAPR. If Zmax = maxn=0,1,…,N-1 Zn then the cumulative 
distribution function (CDF) of Zmax  and the probability of peak to average power ratio (PAPR) below 
threshold are given by ,  
FZmax  (z) = P(Zmax < z) = P(Z0 < z) P(Z1 < z)… P(ZN-1 < z) 

                                      P(PAPR≤ z) = FZmax (z)N = (1- 𝑒−𝑍)N 
The complementary cumulative distribution function (CCDF) is used when PAPR value exceeds the 
threshold. To find the probability that PAPR of an OFDM signal exceeds the threshold z, assume the 
following complementary cumulative distribution function (CCDF) [10], 
~FZmax = P(Zmax > z) 
                      =  1- P(Zmax ≤ z) 
                                                                                 =1- FZmax (z) 

                                                             P(PAPR > z)= 1-(1- 𝑒−𝑍)N 

In SLM technique each data block will create U times phase sequences, if each mapping considered 
statistically independent, then CCDF of the Peak to Average Power Ratio (PAPR) in Selected Mapping 
(SLM) will be, 

P(PAPR > z)= (1-(1- 𝑒−𝑍)N)U 

Where U is the number of phase sequences, N is the number of subcarriers, and z is threshold. 
As it can be seen from the above equations , they derived when the number of subcarriers N is large and 
the samples are independent with Nyquist sampling rate. But, both equations don’t mention the oversampled 
and band limited. It is because the fact that the sampled signal does not need to have the maximum point 
of the original signal. On other hand, it is important to oversamples OFDM signals by oversampling factor L 
to obtain better value of PAPR. Tellado indicates that an oversampling of four is adequate to reach the real 
PAPR values [11]. And it is quite difficult to derive the solution of the peak power distribution; therefore, Nee 
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and Prasad show an approximation to explain the probability of PAPR by approximated N subcarriers and 
oversampling distribution by α· N subcarriers without oversampling, and they mention that when α =2.8 is 
the best value to reach better PAPR when subcarriers N > 64. The approximation is shown below, 

P(PAPR≤ z) = F(z)N = (1- 𝑒−𝑍)α.N 
When PAPR value exceeds the threshold z, the probability of PAPR for oversampling case can be written 
as, 

P(PAPR>z) = F(z)N =(1- (1- 𝑒−𝑍)α.N) 

P(PAPR>z) = F(z)N =((1- (1- 𝑒−𝑍)α.N)U 

Power Savings through Selected Mapping 

The average input power in the OFDM system need to be adjusted to decrease the effect of the distortion in 
the peak of the signals, to do so, an input back off (IBO) needs to be applied. IBO is the measurement of 
how much reduction of the input power is needed, so that the desired output power can be achieved. The 
amount of IBO applied is related to peak to average power PAPR and the efficiency η , high PAPR result in 
increasing IBO and decreasing . IBO is equivalent to PAPR in certain probability. The efficiency η of the 
power amplifier that is used in OFDM system can be given as 
η = Pout,avg/PDC 
Class A amplifiers, for instance, are inefficient amplifiers, the efficiency range is between 10-25%, and they 
can increase their efficiency to 50% which is the maximum. Thus, an ideal linear power amplifier should be 
used to maintain the saturation point. This ideal power amplifier has the following condition, 
η = 0.5/PAR 
Power savings can be defined as the related power consumption PDC  to the efficiency η, 
PDC= Pout,avg/ η 
PDC= Pout,avg/ 1/2 PAR 
PDC= 2Pout,avg PAR 
Therefore, the power saving from efficiency to another can be written as follows, 
Psavings= 2Pout,avg (PAR1-PAR2) 
To calculate savings gain Gs , let us indicate that the saving gain Gs as the ratio of savings power to the 
output power, 
Gs = Psavings/ Pout, avg 
Gs = 2 Pout, avg (PAR1-PAR2)/ Pout, avg 
Thus, the savings gain Gs as the result of Peak to Average Power Ratio can be expressed as, 
Gs = = 2 (PAR1 - PAR2) 
Figure 2 shows the performance of peak to average power ratio (PAPR) reduction of OFDM symbol by using 
selected mapping (SLM) schemes, where number of subcarriers N is set to 256 , with different values of 
phase sequences U (1, 2, 4, 8, and16). It is clear from the figure that by increasing the number of phase 
sequences U (SLM scheme) large PAPR reduction can be obtained. The main focus on here is the saving 
power through selected mapping, as it mentioned in the previous section the saving gain is the difference in 
peak to average power ratio Gs = = 2 (PAR1-PAR2) . Table II gives an overview of several PAPR reduction 
performances corresponding to 10-3 probability of clipping where N equal to 256. All values in the table are 
corresponding to the curves. It is clear from the table that, by increasing the phase sequences (SLM phase 
sequences) savings in gain is increased as well. so by increasing in saving gain, the power saving will 
increase. Thus, power saving can be achieved through selected mapping.
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Fig. 2. PAPR Reduction for SLM where N = 256 and U = 1, 2, 4,8,16 

 

TABLE II.  PAPR REDUCTION AND SAVING GAIN USING SLM WHERE N = 256 AND U = 1, 2, 4,8,16 

U (Phase 
Sequences) 

PAPR (Peak to 
Average Ratio) 

Gs (Savings 
Gain ) 

1 (No SLM) 10.9 0 

2 9.6 2.6 

4 8.6 4.6 

8 7.9 6 

16 7.4 7 

 
IV. Simulation Results 

This chapter discusses the performance of selected mapping (SLM) with different values of subcarriers N 
and phase sequences U. it can be seen from the simulations results that it is possible for SLM scheme to 
reduce peak to average power ratio (PAPR). 
This section discusses PAPR reduction and it indicates that large PAPR reduction is possible with selected 
mapping scheme. Figures 3, 4, 5, 6, and 7 respectively show the performance of peak to average power 
ratio (PAPR) reduction of threshold selected mapping (SLM) schemes for different values of phase 
sequences U and subcarriers N. It is clear from the figures that by increasing the number of phase sequences 
U better PAPR reduction can be obtained. For instance, figure 3 is a plot of PAPR reduction curves for 
OFDM symbol where N=64. From the figure it can be seen that when there is no SLM which is at U=1 
threshold needed to get good PAPR reduction performance is 10.5, while for U = 16, only 6.2 is needed to 
get good PAPR reduction performance , by assuming that probability of clipping is 10-3  for both cases. 
Table III gives an overview of several PAPR reduction performances corresponding to 10-3  probability of 
clipping for different values of phase sequences U and subcarriers N. 
 

 

Fig. 3. PAPR Reduction for SLM where N = 64 and U = 1, 2, 4,8,16 

 

Fig. 4. PAPR Reduction for SLM where N = 128 and U = 1, 2, 4,8,16 
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Fig. 5. PAPR Reduction for SLM where N = 256 and U = 1, 2, 4,8,16 

 

Fig. 6. PAPR Reduction for SLM where N = 512 and U = 1, 2, 4,8,16 

TABLE III.  PAPR REDUCTION CORRESPONDING TO VARIOUS PHASE SEQUENCES FOR DIFFERENT NUMBER OF 

SUBCARRIERS 

 

PAPR 

N 64 128 256 512 1024 

D=1 ( No SLM) 10.5 10.9 10.9 11.2 11.4 

D=2 8.8 9.2 9.6 9.9 10.2 

D=4 7.7 8.2 8.6 8.9 9.4 

D=8 6.8 7.4 7.9 8.4 8.7 

D=16 6.2 6.8 7.4 7.9 8.3 
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Fig. 7. PAPR Reduction for SLM where N = 1024 and U = 1, 2, 4,8,16 

Now, let us figure out the effect of oversampling on SLM with over sampling case where α =2.8. 
Figures 8,9,and 10 respectively show PAPR curves for sampled OFDM symbol for different values of 
phase sequences U and subcarriers N. It is clear from the figures that all probability level is almost 
the same as on Nyquist samples (previous curves). Thus, by applying oversampling on SLM nothing 
is going to change. 

 

Fig. 8. PAPR Reduction for SLM where α =2.8, N = 64, and U = 1, 2, 4,8,16 

 

Fig. 9. PAPR Reduction for SLM where α =2.8, N = 128, and U = 1, 2, 4,8,16 

 

Fig. 10. PAPR Reduction for SLM where α =2.8, N = 128, and U = 1, 2, 4,8,16 

V. CONCLUSION 

OFDM system has been discussed in this project. It indicated that OFDM is a popular communication 
system due to the advantages this system has. For instance, the ability of the system in converting 
frequency selective fading channels to flat fading channels. Also, the robustness to inter symbol 
interference and inters carrier interference. In addition, the flexibility of this system to the channel 
conditions, and easiness in meeting design requirement.  
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Peak to average power ratio issue was also discussed, showing how it affected the transmitted signal. 
There were many reduction techniques presented to solve high peak to average power ratio such as, 
Signal distortion techniques, Coding Schemes, and Symbol-scrambling techniques.  
Selected mapping (SLM) technique was the main focus of the project. SLM explained in details and 
showed that SLM is the most promising reduction technique. It was also mentioned that power saving 
could be achieved through selected mapping.  
This project also showed the simulation results of OFDM symbol with and without SLM. The 
simulation results indicated that large PAPR reduction is possible with selected mapping scheme and 
showed how by increasing the number of phase sequences U large PAPR reduction can be obtained. 
Suggestions for Future Work: 

• The following are suggestions of interesting topic  that can be pursued as extensions of this project  

• Improving power efficiency by using selected mapping.  

• Monomial phase sequences for selected mapping detection. 
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