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1. Introduction
The LTE-A system is expected to achieve higher frequency efficiency and wider bandwidth utilization compared to the LTE system [1]. At RAN1 #53bis (Warsaw), this requirement led to the consideration of a Single-Carrier [4]-[6] versus a Multi-Carrier [2], [3] solution to expand and improve Uplink (UL) Multiple Access (MA) scheme. In the meeting, the comparison of PAPR/CM and bandwidth utilization was also discussed. In this contribution, we propose adopting Clustered DFT-S-OFDM for LTE-A UL MA scheme due to its affinity with DFT-S-OFDM and its improved frequency selected diversity gain compared to DFT-S-OFDM. 
2. Clustered DFT-S-OFDM
a.  Extension from DFT-S-OFDM and Commonality
 REF _Ref204757053 \h 
LTE-A UE shall support existing or enhanced LTE DFT-S-OFDM for backward compatibility, therefore the affinity with LTE DFT-S-OFDM is important for LTE-A UL MA scheme. DFT-S-OFDM is generated by mapping the input onto contiguous spectrum blocks. Similarly, Clustered DFT-S-OFDM is generated by dividing the input into multiple clusters and then each cluster is mapped onto non-contiguous spectrum blocks.
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Fig. 1. Concepts of DFT-S-OFDM and Clustered DFT-S-OFDM
Therefore, the difference between DFT-S-OFDM and Clustered DFT-S-OFDM is just whether each cluster is mapped onto the arbitrarily multiple RBs contiguously or non-contiguously. This means Clustered DFT-S-OFDM is an extension of DFT-S-OFDM.
In addition, from signal processing point of view, most part of processing of Clustered DFT-S-OFDM can be implemented by the similar manner with existing LTE specification. On the other hand, it is obvious that OFDM may cause increasing UE complexity because OFDM would introduce the additional processing or circuit. Therefore, Clustered DFT-S-OFDM would have the strong affinity with LTE DFT-S-OFDM.
In Fig.2, we explain the affinity more concretely. This figure shows two simple block diagrams of the transmission diversity when using enhanced access scheme with DFT-S-OFDM. The left side shows the Clustered DFT-S-OFDM case, and the right side shows the OFDM case. We should consider the different transmission diversity mode in the OFDM case. On the other hand the same transmission diversity scheme can be easily applied in the Clustered DFT-S-OFDM case. This means the complexity of UE is not increasing in Clustered DFT-S-OFDM case. 
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Fig. 2. Block Diagram of transmission diversity (Left: Clustered DFT-S-OFDM, right: DFT-S-OFDM/OFDM)
b.  Better PAPR/CM characteristic than OFDM
The most important reason why DFT-S-OFDM is selected in LTE is low PAPR/CM. We should also take care about PAPR/CM in LTE-A, and we believe that Clustered DFT-S-OFDM has the best PAPR characteristic among suggested UL MA schemes, while keeping the high frequency selection diversity gain (high scheduling gain[4]).
3. Simulation Results
The subframe error rate performances of DFT-S-OFDM in LTE mode, Clustered DFT-S-OFDM and OFDM are shown in Fig.  2. In this simulation, a cluster size is defined as the RB size (12 subcarriers). We assume that scheduling is operated properly (maximum performances achievement case). Average transmitted Es/N0 is defined as symbol energy to noise power spectrum density ratio, where the fluctuations in the time- and frequency-domain are eliminated by averaging.
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Fig.  2 Subframe Error Rate versus the average transmitted Es/N0 (QPSK, r=1/2@3km/h, System BW=20MHz, User Bandwidth=8MHz)
This figure illustrates the frequency selected diversity gain from DFT-S-OFDM used in LTE, and the nearly identical performances between Clustered DFT-S-OFDM and OFDM (non-contiguous mapping).  Taking into account the high frequency diversity gain, we should use Clustered DFT-S-OFDM not only in the spectrum aggregation but also in 20MHz band.  
4. Conclusion

We suggest that Clustered DFT-S-OFDM is the better solution to expand for the UL MA scheme in LTE-A. Because Clustered DFT-S-OFDM has:
· An affinity with LTE DFT-S-OFDM
· It avoids  the increase of the UE complexity as compared to OFDM
· A higher frequency selected diversity gain

· The best PAPR/CM characteristic

· The same transmission performance as OFDM without any practical difference
Appendix

Simulation parameters are shown in Table 1.
Table 1 Simulation Parameters
	Number of subcarriers
	1200 (100 RBs: 20MHz)

	Number of IFFT points
	2048 points

	Number of RBs allocated to UE
	40 RBs: 8MHz (480 subcarriers)

	Subcarrier spacing
	15 kHz

	Sampling time
	1/(15000*2048) = 3.25521 * 10-8 sec

	Subframe length
	1 msec

	Number of Symbols
	14

	Modulation
	QPSK

	Channel coding
	Turbo code (r = 1/2, K = 4), Number of iterations: 4

	Number of Tx and Rx antennas
	Tx: 1, Rx: 2 [TR 36.913]

	Multipath model
	Typical Urban 6-path Rayleigh

	Maximum Doppler frequency
	6 Hz（3 km/h）

	Feedback Delay
	4 msec (4 TTI)
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