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1 Introduction

In this contribution we evaluate the Cubic Metric of several proposed uplink modulation schemes in both for BWs less than 20 MHz.  We find that the CM performance of both clustered Clustered DFT-S-OFDMA, and Nx-SCFDMA is not significantly better than OFDM when multiple bands are considered.  
2 Cubic Metric Formula

To consider the impact to performance of high PAPR we use a modified cubic metric approach as an estimate of the required PA backoff w.r.t. a base scenario [1].  This can be written as  
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With K=1.54 and refdB =1.52.  To calculate the rms value we oversample our signal by a factor of 8 and assume a raised cosine filter with α=0.2.

3 Scenarios Considered

The use of DFT-S-OFDMA and Nx-SCFDMA has being proposed for the less than 20 MHz BW to relax the contiguous scheduling requirement imposed by the SC-FDMA modulation technique.
For simulation we assume 5 RB are being transmitted, with the frequency locations randomly distributed across the 20 MHz band.  

We consider the Cubic Metric Performance of 3 schemes

1) DFT-S-OFDMA 

2) M-Blocks of localized SC transmission

3) OFDM transmission

Table 1 Cubic Metric for different schemes for QPSK data

	
Number of Blocks
	QPSK
	16 QAM

	
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	OFDM
	3.95
	3.95
	3.95
	3.95
	3.95
	3.95
	4.1
	4.0
	4.1
	4.0

	Nx-SCFDMA
	1.45
	2.66
	3.11
	3.32
	3.54
	2.37
	3.17
	3.44
	3.57
	3.69

	Clustered DFT-S-OFDMA
	1.45
	2.23
	2.66
	2.98
	3.10
	2.37
	2.89
	3.14
	3.35
	3.42

	
Number of Blocks
	64 QAM

	
	1
	2
	3
	4
	5

	OFDM
	3.95
	3.95
	3.95
	3.95
	3.95

	Nx-SC-FDMA
	2.57
	3.31
	3.50
	3.66
	3.73

	Clustered DFT-S-OFDMA
	2.57
	2.98
	3.27
	3.43
	3.47


The gain of Cubic Metric over OFDM drops dramatically as the the number of blocks increases.  With only 2 blocks the gain is only 1.7 -0.6 dB, depending on the modulation.  With 5 blocks the gain reduces to 0.6 dB.  Considering that SC has worse LL performance in frequency selective channels, due to the suboptimal receiver structure, this means that these multiblock SC is actually performing worse than OFDM.
4 Summary

From the comparison, we noticed that in general, clustered DFT-s-OFDMA lead to smaller CM values compared with NxSC-FDMA, so clustered DFT-S-OFDMA  could be a straight forward choice over NxSC-DFMA within one component carrier.  However, OFDM should also be considered, especially when multi-layer transmission and/or higher-order modulation are used..  Considering that in general OFDMA has superior link level performance gains than SC-FDMA and would allow feasible implementation of more advanced receivers. 
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