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1 Introduction
During RAN1 #55bis meeting in Slovenia, some intensive discussions were conducted regarding uplink access scheme in LTE-A and the following agreements were reached

· PUSCH transmission (MIMO and non-MIMO) uses DFT-precoding 

· On top of Rel-8 operation:

· Control-data decoupling (simultaneous PUCCH and PUSCH transmission) supported in addition to TDM type multiplexing

· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

· FFS: At most one new DCI format for non-MIMO

The agreement simply tells that uplink access scheme should be based on DFT-precoding scheme.  To support more flexibility in resource assignment and scheduling within one component carrier, non-contiguous transmissions are also allowed, which include both simultaneous non-contiguous data transmission, and simultaneous PUCCH and PUSCH transmission in the same slot. Such flexibility however breaks the property of single carrier and leads to the increase of PAPR.  This issue should be carefully studied to minimize its impact. 
On the other hand, LTE-A would support UE to transmit simultaneously from multiple transmit antennas. That opens the door to new schemes and designs not seen in Rel-8 UE, which includes uplink transmit diversity and MIMO transmission. In this contribution, we report some investigations on applying non-contiguous transmission from multiple-transmit antenna with focus on how to mitigate PAPR increment through the utilization of multiple antenna transmission. We feel that by transmitting different sub-bands (channels) from different transmit antennas respectively, instead of simultaneously transmitting  them from all transmit antennas, PAPR increment due to non-contiguous transmission could be eased while multi-user diversity could be achieved at the same time.  
2 Clustered DFT-S-OFDM Transmission on Multiple Transmit Antennas 
In clustered DFT-s-OFDM, the output of the DFT block is broken into a few clusters and each cluster is separately mapped to a sub-band. This non-contiguous RB allocation makes clustered DFT-s-OFDM distinguished from SC-FDMA. Although this feature provides more flexibility in uplink scheduling, it has the disadvantage of increasing the PAPR. In LTE-A, where each UE is equipped with more than one antenna, the PAPR problem can be avoided or suppressed by allocating each cluster to only one transmit antenna. To have a low PAPR, each transmit antenna should have its own DFT block. If only one cluster is sent from each antenna, the waveform of each antenna will be the same as the SC-FDMA waveform in LTE Rel. 8, which could be referred as  multiple sub-band SC-FDMA 
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Fig. 1: Conceptual Schematic of (a) Multiple Sub-Band SC-FDMA (b) Clustered DFT-s-OFDM on single antenna
To illustrate the scheme, consider a UE which has two transmit antennas and is scheduled to transmit two clusters. With the proposed scheme, the first antenna transmits the first cluster and the second antenna transmits the second cluster on a different sub-band. A conceptual schematic of how the DFT outputs are mapped to the frequency domain in this example is provided in Fig. 1 (a). Shown in the Fig 1 (b) is the frequency mapping of clustered DFT-s-OFDM for a UE with single-antenna . 

The same approach can be extended to CL-DFT-S-OFDM with more than two transmit antennas. Since PAPR increases as the number of clusters increases, to achieve both multi-user scheduling gain and preserve low PAPR, we may apply CL-DFT-S-OFDM to each transmit antenna. For example, a total of 4 clusters can be transmitted on 2 antennas, with each antenna transmitting 2 clusters. In this way, we will not only have more flexibility in scheduling, achieve higher multi-user scheduling gain, but also keep CM relatively low.

3 Simulation Results
To demonstrate the gain of the proposed scheme, we consider a system with two transmit antennas and two clusters transmitting multi-antenna SC-FDMA and compare its block error rate (BLER) performance with that of a system deploying clustered DFT-s-OFDM over one transmit antenna and with the same number of clusters. For both systems, frequency selective scheduling has been applied. Note that the SNR in the Fig. 2 is the per-subcarrier SNR. This means the total transmit power of both systems are the same. Table 1 summarizes other simulation assumptions.
As observed in Fig. 2, at BLER of 10-2, multi-antenna SC-FDMA has about 1.1dB SNR gain over clustered DFT-s-OFDM. This gain is attributed to the additional multi-user diversity available through the additional spatial dimension. It should be emphasize that multi-antenna SC-FDMA also has a lower PAPR than clustered DFT-s-OFDM.
In Fig. 3, simulation results are given for 4 clusters. In the case of 2 transmit antennas, 2 clusters are transmitted on each antenna. As can be seen from the results, a similar gain of 1.5dB can be achieved compared to 1 antenna transmission, and this is achieved under the condition of lower PAPR.
Table 1: Simulation Assumptions.

	Channel bandwidth
	10 MHz

	Number of total sub-carriers
	601 (including DC)

	Subframe
	1 msec = 14 OFDM symbols

	FFT size
	1024

	Sampling frequency
	15.36 MHz

	Cyclic Prefix
	72 Samples

	Carrier frequency
	2 GHz

	Cluster (RBG) size
	1 RB

	Channel estimation
	Ideal

	Symbol constellation
	QPSK

	Channel Coding
	Turbo Code ½ 

	Channel Model
	ITU PB 3 kph, Uncorrelated

	Number of Receive Antennas
	2
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Fig. 2: BLER vs. SNR for Clustered DFT-s-OFDM with two clusters
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Fig. 3: BLER vs. SNR for Clustered DFT-s-OFDM with four clusters
4 Conclusion

In this contribution, we investigated per antenna based CL-DFT-S-OFDM transmission. The results show that per antenna based CL-DFT-S-OFDM has the following benefits:

· Lower PAPR

· Additional multi-user scheduling gain

· Flexibility in scheduling

To achieve these additional benefits, we believe that individual DFT should be allowed on per transmit antenna per component carrier basis.
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