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1. Introduction

For LTE Advanced (LTE-A) UL, additional access schemes to SC-FDMA have been proposed, which include OFDMA, clustered DFT-S-OFDM and N x SC-FDMA.  Many key factors such as the achievable link/system-level performance to meet or exceed ambitious LTE-A UL requirements and the easiness of data spreading across multiple component carriers are utilized to narrow down the candidates and elaborate some independent (or complementary) scheme to SC-FDMA. Among them PAPR is one of most important factors, which may play an important role to drive the final decision. The contribution [1], which compared PAPR between the three schemes, indicated that clustered DFT-S-OFDM has better PAPR property than the others. 
In our contribution, we mainly pay attention to the discussion of PAPR issue by focusing on the above three potential schemes as well. Our conclusion is quite similar to that in contribution [1] but showing no benefits with internal per-cluster filter.
2. PAPR Comparison 
In PAPR comparison, the following schemes are involved

· SC-FDMA
· Clustered DFT-S-OFDMA
· Clustered per-cluster-filtered DFT-S-OFDMA
· N x SC-FDMA
· OFDM.
For simplicity, we create three groups for individual comparison, which are classified as follows:
· Group-1: SC-FDMA, clustered DFT-S-OFDMA and OFDM
· Group-2: SC-FDMA and clustered per-cluster-filtered DFT-S-OFDMA
· Group-3: SC-FDMA, N x SC-FDMA and OFDM.
The detailed simulation assumptions and relevant performance results in terms of CCDF vs. PAPR are described in Annex.

3. Summary

The performance in terms of PAPR for UL schemes is summarized in Table 1 with CCDF = 0.01%.
Table 1 PAPR@CCDF=0.01%
	Schemes
	QPSK
	16QAM
	64QAM

	SC-FDMA (SD, N=1)
	6.6
	7.4
	7.6

	OFDMA
	9.6
	
	

	clustered DFT-S-OFDM
without per-cluster filter
	SD = 2
	7.1
	7.8
	8

	
	SD = 4
	7.9
	8.4
	8.6

	clustered DFT-S-OFDM

with α=0.22 per-cluster filter
	SD = 2
	7.6
	8.2
	8.4

	N x SC-FDMA
	N = 2
	7.7
	8.2
	8.4

	
	N = 4
	8.5
	8.8
	8.9


Among the candidates, clustered DFT-S-OFDMA shows the lowest PAPR. An interesting point we have seen from our simulation results is that it is beneficial for clustered DFT-S-OFDMA to remove the internal per-cluster filter although the use of filter was discussed to aim at reducing PAPR for UL SC-FDMA in LTE study item. At current stage, an assertive conclusion related to the use of internal per-cluster filter for clustered DFT-S-OFDMA is drawn based on the limited set of parameters and the corresponding simulation results.

4. Annex
4.1. PAPR Comparison for Group-1 (SC-FDMA, clustered DFT-S-OFDMA and OFDM)
The PAPR comparison is performed between SC-FDMA, clustered DFT-S-OFDMA and OFDM. The simulation assumptions are listed in Table 2, where the number of sub-carrier divisions is assumed to be 1 (SC-FDMA), 2, and 4. In addition, the sub-carrier allocations are exemplified in Figure 1, and the corresponding PAPR performance results are illustrated in Figure 2, Figure 3, and Figure 4, respectively.
Table 2 Simulation assumptions.
	Parameters
	values

	transmission bandwidth
	20 MHz

	# of allocated sub-carriers
	600 sub-carriers

	modulation
	QPSK, 16QAM, 64QAM

	# of spectrum division (SD)
	1 (SC-FDMA), 2, 4

	# of sub-carrier of each SD
	equally divided

	frequency position of each SD
	randomly changed sub-frame by sub-frame

	# of sub-frames for PAPR calculation
	10000
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Figure 1: An example of spectrum division with 1, 2, and 4.
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Figure 2 PAPR of SC-FDMA (SD=1), OFDM and clustered DFT-S-OFDMA (SD=2, 4)
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Figure 3 PAPR of SC-FDMA(SD=1), OFDM and clustered DFT-S-OFDMA(SD=2, 4)
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Figure 4 PAPR of SC-FDMA (SD=1), OFDM and clustered DFT-S-OFDMA (SD=2, 4)
2.2 PAPR Comparison for Group-2 (SC-FDMA and clustered per-cluster-filtered DFT-S-OFDMA)
In this sub-section, the PAPR comparison is performed between SC-FDMA and clustered per-cluster-filtered DFT-S-OFDMA. The relevant simulation assumptions are listed in Table 3. Per-cluster filters appear between sub-carrier mapper and IFFT as shown in the right of Figure 5. Figure 6 depicts the spectrum division for both cases. The corresponding PAPR performance results are illustrated in Figure 7.
Table 3 Simulation assumptions.
	Parameters
	values

	transmission bandwidth
	20 MHz

	# of allocated sub-carriers
	600 sub-carriers

	modulation
	QPSK, 16QAM, 64QAM

	per-cluster filter roll-off factor 

 (clustered DFT-S-OFDMA only)
	0.22

	# of spectrum division (SD)
	1 (SC-FDMA), 2

	# of sub-carrier of each SD
	300 sub-carriers

	frequency position of each SD
	randomly changed sub-frame by sub-frame

	# of sub-frames for PAPR calculation
	10000
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Figure 5　clustered DFT-S-OFDM (left: without per-cluster filter, right: with per-cluster filters)
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Figure 6: spectrum division for both SC-FDMA and clustered per-cluster-filtered DFT-S-OFDMA.
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Figure 7 PAPR of SC-FDMA (SD=1) and clustered per-cluster-filtered DFT-S-OFDMA (SD=2)
2.3 PAPR Comparison for Group-3 (SC-FDMA, N x SC-FDMA and OFDM)
In this sub-section, the PAPR comparison is performed between SC-FDMA, N x SC-FDMA and OFDM. The relevant simulation assumptions are listed in Table 4. Figure 8 depicts the spectrum division for the cases of SC-FDMA, N x SC-FDMA and OFDM. The corresponding PAPR performance results are illustrated in Figure 9.
Table 4 Simulation assumptions.
	Parameters
	values

	transmission bandwidth
	20 MHz

	# of allocated sub-carriers
	600 sub-carriers

	modulation
	QPSK, 16QAM, 64QAM

	# of cluster, N
	1 (SC-FDMA), 2, 4

	# of sub-carrier of each cluster
	equally divided

	frequency position of each cluster
	randomly changed sub-frame by sub-frame

	# of sub-frames for PAPR calculation
	10000
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Figure 8: spectrum division for SC-FDMA, N x SC-FDMA and OFDM.
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Figure 9 PAPR of SC-FDMA (N=1), OFDM and N x SC-FDMA (N=2, 4)
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