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Abstract: For future wireless communication frameworks, OFDM (Orthogonal Frequency Division 

Multiplexing) is assumed to be perfect method. OFDM offered number of advantages such as high data rate, 

efficient bandwidth etc. but also having major limitations such as poor BER (bit error rate) and PAPR (peak-to-

average power ratio). To improve such performances, recently hybrid solution proposed single carrier method 

with OFDM which is commonly known as SC-OFDM. SC-OFDM resulted into the improved performance for 

BER and PAPR performance parameters as compared to traditional OFDM system. However, SC-OFDM has 

approach having limitations of poor performance due to inter-carrier interference (ICI) under the high mobility 

conditions. To address this limitation of SC-OFDM, number of solutions proposed like adopting existing OFDM 

method in SC-OFDM for performance improvement, but this improved performance resulted into decreasing 

throughput performance. Therefore, in this paper, we proposed modulation technique combined with improved 

clipping based PAPR reduction approach in order to outperform all existing methods of wireless 

communication such as OFDM, SC-OFDM, MC-CDMA etc. The modulation scheme called MKM (Magnitude-

Keyed Modulation) providing immunity to SC-OFDM system in order to tackle with ICI, This improves the BER 

performance but increases the PAPR marginally. The clipping method helps to further improve the PAPR 

performance. The simulation work for this proposed scheme is done by using MATLAB.  
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I. Introduction 
OFDM has been around since 1960s and now used in number of non-cellular systems such as Digital 

Video Broadcast (DVB), Digital Audio Broadcast (DAB), Asymmetric Digital Subscriber Line (ADSL), and 

some of the 802.11 Wi-Fi standards. OFDM undergoes the disadvantage of high PAPR. Pure OFDM is used in 

Wi-Fi uplink but in LTE uplink SCOFDM is used which provides low PAPR as well as resistance to multipath 

fading. 

In multi carrier technology it is difficult to maintain the orthogonality between the subcarriers [1].In 

high mobility environment multi carrier technologies undergoes ICI. Many studies have been conducted to 

reduce the ICI in OFDM as well as SCOFDM [1-8]. ICI cancelation methods mentioned in [3-6] reduce or 

eliminate the ICI or gives solution for sensitivity to frequency shifts. But these solutions for ICI cancelation are 

complex and need additional multiplications. Another technique to reduce ICI is Windowing or Window 

shaping [2, 7]. Window shaping technique for radio over fiber [2] increases the resistance to residual Carrier 

Frequency Offset (CFO) but this is achieved at the power penalty of 2dB. Edge windowing technique controls 

ICI and ISI with maintaining spectral efficiency[7]. 

An interference self-cancellation technique for SC-FDMA [8] system was robust against frequency 

offset but it affects bandwidth and power marginally. Xue Li et.al.proposed an ICI immune SCOFDM via 

magnitude keyed modulation [1]. This system provides excellent BER and low PAPR due to SCOFDM as well 

as ICI immunity due to Magnitude Keyed modulation. But while making SCOFDM ICI immune by using MKM 

PAPR get increased marginally as compared to SCOFDM with QPSK due to variations in magnitude [1]. 

This paper introduces a system with excellent BER, low PAPR as well as low PAPR which is 

combination of SCOFDM with magnitude keyed modulation and clipping and filtering technique [11, 15, 16] 

which is used to reduce the PAPR. There many techniques used for reduce the PAPR in OFDM as well as 

SCOFDM which known as SCFDMA [9-16] such as pulse shaping, clipping and filtering, frequency domain 

multiplexed pilots, Trellis shaping, etc. In this paper to reduce the PAPR clipping and filtering technique is used 

which provides better results. 

 

II. System Model 
This section represents proposed system model for SCOFDM with Magnitude keyed modulation and 

clipping and filtering. Figure 1 shows the basic block diagram for proposed system. At the transmitter side the 

generated data is modulated by using magnitude keyed modulation. The modulation symbols are grouped into 
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blocks each containing N symbols. SCOFDM system with ICI shows unique diagonal property [1]. This 

property shows that ICI effects on the phase offset not on the magnitude. In magnitude keyed modulation the 

data is send over only signal magnitude not on phase. If  is the data generated then after magnitude keyed 

modulation received data rk is given by [1] 

𝑟𝑘 =  𝑥𝑘                                 (1)                          

Binary MKM is equivalent to On-Off Keying (OOK) but MKM is not similar to Amplitude Shift Keying [1]. 

 

 
Fig.1.  Transmitter and receiver of System Model 

 
After modulation Fast Fourier Transform is performed to produce frequency domain representation of 

symbols. Then cyclic prefix or zero padding is done to prevent inter-block interference due to multipath 

propagation. Then each of the output is mapped to one of the orthogonal subcarriers that can be transmitted. If 

numbers of symbols are N and number of subcarriers M, the system can handle Q simultaneous transmission 

without co-channel interference where Q is the bandwidth spreading factor. Where Q is given by 

𝑄 =
𝑀

𝑁
                                          (2) 

Mapped data is converted back to time domain from frequency domain by taking M point Inverse Fast 

Fourier Transform (IFFT). To reduce the out of band energy pulse shaping is done which is filtering technique 

[17]. As use of Magnitude keyed modulation increases PAPR marginally clipping technique is used to reduce 

the increased PAPR. After clipping filtering is done. The transmitter data is passed through the AWGN channel 

with addition of extra noise. The reverse procedure is done at the transmitter side. The received signal is 

transformed to frequency domain via FFT, de-maps the subcarrier with Q which is bandwidth spreading factor 

then performs frequency domain equalization by using zero frequency equalizer or minimum mean square error 

(MMSE) equalizer. The received data from the equalizer is converted to time domain by IFFT. Demodulation is 

done at the end. 

 

III. Performance Evaluation 
This section represents comparison between proposed SCOFDM system with MKM and clipping and 

filtering technique with traditional OFDM and SCOFDM with MKM. MATLAB software is used for 

performance evaluation. Table I shows the transmission parameters used for simulation. 

 

Table I Simulation Parameters 
FFT Size 256 

Block size 8 

Sub band size 20 

SNR Range 0:2:40 

Number of iterations 120 

Channel Type AWGN Channel 

Equalizer Type MMSE 

Modulation Technique BPSK, QAM and MKM 

Number of subcarriers 256 

Oversampling factor 4 
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For analysis of BER performance and PAPR reduction Additive White Gaussian Noise (AWGN) 

channel is used for simulation. The below figures 2, 3 and 4 shows the PAPR and BER performance of the 

proposed system. 

The below formula gives the PAPR in dB[1] 

𝑃𝐴𝑃𝑅𝑑𝐵 = 10 ∗ 𝑙𝑜𝑔10(
𝑃𝑒𝑎𝑘𝑃

𝐴𝑣𝑔𝑃
)                      (3) 

Where PeakP i.e. peak power in dB is calculated by following equations 

𝑃𝑒𝑎𝑘𝑃𝑑𝑏 = 10 ∗ log10 𝑃𝑒𝑎𝑘𝑃    (4) 

𝑃𝑒𝑎𝑘𝑃 = max⁡(𝑝𝑜𝑤𝑒𝑟)                           (5) 

And AvgP i.e. Average power is calculated by the following equation 

𝐴𝑣𝑔𝑃 =
𝑠𝑢𝑚 (𝑝𝑜𝑤𝑒𝑟 )

𝑁𝑥
    (6) 

Where Nx is the length of the symbol.  

 BER calculation is given by the following formula [1] 

𝐵𝐸𝑅 ≈
𝑆𝐸𝑅

log 2 𝐿
                                      (7) 

Where SER is symbol error ratio. 

 

 
Fig 1BER comparative results 

 

 
Fig 2PAPR comparative results 

 

 
Fig 3PAPR comparative results 
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IV. Conclusion 
OFDM systems are widely used in wireless communication systems due to growing use of it all over 

the world. However in this paper we studied that OFDM system is suffering from the limitations like poor BER 

and higher PAPR performance in case of high mobility conditions with worst ICI rate. To overcome the 

problems of traditional OFDM systems, SCOFDM systems are designed and introduced. Practically this 

approach showing improved in BER and PAPR performance as compared to traditional OFDM systems. But 

SCOFDM systems suffering from the performance degradation due to the ICI under the conditions like high 

mobility.  

Therefore, in this paper we proposed scheme for SCOFDM systems with two objectives reducing the 

BER and reducing the PAPR. The proposed method is based on recently presented SCOFDM with MKM 

technique. We contributed to this method by adding iterative clipping and filtering technique to reduce further 

PAPR rate as compared to SCOFDM with MKM method. The practical results showing that BER get improved 

as well PAPR values are reduced by using proposed approach of SCOFDM + MKM + Clipping.  

 

V. FutureScope 

As clipping is very basic technique to reduce PAPR for better performance of the system we can use 

any other advanced technique of PAPR reduction. As well as hardware implementation of system with FPGA in 

future will be expected. 
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