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1 Introduction
One of the important issues about LTE-A is its uplink multiple-access scheme. It is widely accepted that SC-FDMA should be included in LTE-A for the sake of backward compatibility. However, in the previous meetings, it was discussed by many companies [1]-[7] that an alternative scheme is required to fulfill the requirements of LTE-A. OFDMA, clustered DFT-s-OFDM, and Nx SC-FDMA are the major candidates for this purpose. The main property that these schemes have in common is that they allow for multiple sub-band transmission by enabling non-contiguous resource block (RB) allocation. The benefits of multiple sub-band transmission include [8] (i) supporting extended bandwidth (BW>20 MHz), (ii) exploiting the multi-user diversity and improving the uplink performance, and (iii) flexibility on PUSCH/PUCCH multiplexing.
An aspect of LTE-A which should be taken into account in designing the uplink multiple access scheme is the presence of more than one antenna at the UE that can operate simultaneously. In this contribution, we describe a multiple access scheme that allows for multiple sub-band transmission over multiple antennas and have lower PAPR than the previously proposed schemes, i.e. OFDMA, clustered DFT-s-OFDM, and Nx SC-FDMA.
2 Multi-Antenna SC-FDMA
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 Tx 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. Hence, we name this method “multi-antenna SC-FDMA”.
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Fig. 1: Conceptual Schematic of (a) Multiple Sub-Band SC-FDMA (b) Clustered DFT-s-OFDM 

To illustrate the scheme, consider a UE which has two transmit antennas and is scheduled to transmit two clusters. With multi-antenna SC-FDMA, 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. Shown in the figure is also the frequency mapping for a single-antenna UE which is utilizing clustered DFT-s-OFDM. 

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. 1 is the total received SNR per sub-carrier. This means the total transmit power of both systems are the same. Table 1 summarizes other simulation assumptions.
As observed in Fig. 1, 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.
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
	5 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. 1: BLER vs. SNR for Clustered DFT-s-OFDM (1 Tx) and Two-Sub-Band SC-FDMA (2 Tx)

4 Conclusion

In this contribution, a new multi-Antenna SC-FDMA scheme for LTE-A uplink was described. This scheme, by dividing the data clusters over different transmit antennas, suppresses the PAPR of each antenna. At the same time, it provides the flexibility of uplink scheduling similar to other multiple sub-band transmission schemes. Simulation results show that the proposed scheme has a significant gain compared to clustered DFT-s-OFDM transmitted over a single antenna. Bottom line is that in designing the uplink multiple access scheme for LTE-A, the presence of multiple transmit antennas at the UE should be considered.
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