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1. Introduction

In TR36.814 v0.4.1 [1], it is stated 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. Such flexibility however breaks the property of single carrier and leads to the increase of PAPR. 
On the other hand, LTE-A would support UE to transmit simultaneously from multiple transmit antennas. Some previous 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 [2, 3]. However, in these schemes, each antenna only has one cluster /one component, thus the diversity gain is lost compared to the existing Clustered DFT-S-OFDM /Nx SC-FDMA which has two clusters / two components on one antenna. In the previous contributions [4, 5], the codeword (CW) shifting across the multiple transmit antennas and multiple components were recommended to achieve additional diversity gain in presence of UL spatial multiplexing (SM).
 In this contribution, an interleaved antenna grouping method for Clustered DFT-S-OFDM with multiple antennas is proposed to achieve low PAPR meanwhile obtain additional diversity gain.For illustration purpose, we only demonstrate the examples with two clusters and two transmit antennas. It is straightforward to apply the interleaved antenna grouping method for more than two clusters from multiple antennas.
2. Interleaved antenna grouping for Clustered DFT-S-OFDM
In this contribution, we propose an interleaved antenna grouping scheme for Clustered DFT-S-OFDM. First, a slot-based antenna grouping scheme is proposed to mitigate the PAPR. In this scheme, at slot 1, the 1st cluster is allocated to the 1st transmit antenna, and the 2nd cluster is allocated to the 2nd antenna, while at slot 2, the 1st cluster is allocated to the 2nd transmit antenna, and the 2nd cluster is allocated to the 1st antenna. Therefore only one cluster is sent from one antenna at each slot, which changes the Clustered DFT-S-OFDM to virtually a pair of SC-FDMA. In addition, it introduces two extra channels. Then，the two DFT modulated data streams are interleaved in frequency domain or spatial domain, thus the additional diversity gain is achieved since the two DFT modulated data streams are transmitted to the different frequency or different antennas at each slot. There are two possible modes of the interleaving summarized as follows: 
· Mode-I: interleaving in frequency domain

Fig. 1 shows the transmitter structure of frequency domain interleaving for Clustered DFT-S-OFDM. The green blocks are the output of the first DFT modulated data stream during one subframe and the orange blocks are the output of the second DFT modulated data stream. In this Figure, the green blocks during the 1st slot are mapped to the 1st cluster of 1st transmit antenna and the green blocks during the 2nd slot are mapped to the 2nd cluster of the 1st transmit antenna. The orange blocks during the 1st slot are mapped to the 2nd cluster of 2nd transmit antenna and the orange blocks during the 2nd slot are mapped to the 1st cluster of the 2nd transmit antenna. Thus the mapping across two clusters during one subframe can offer additional diversity gain due to the channel variations in frequency domain.
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Fig. 1 Transmitter structure of frequency domain interleaving for Clustered DFT-S-OFDM
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Fig. 2 Transmitter structure of spatial domain interleaving for Clustered DFT-S-OFDM
· Mode-II: interleaving in spatial domain

Fig. 2 shows the transmitter structure of spatial domain interleaving for Clustered DFT-S-OFDM. The green blocks during the 1st slot are mapped to the 1st cluster of 1st transmit antenna and the green blocks during the 2nd slot are mapped to the1st cluster of the 2nd transmit antenna. The orange blocks during the 1st slot are mapped to the 2nd cluster of 2nd transmit antenna and the orange blocks during the 2nd slot are mapped to the 2nd cluster of the 1st transmit antenna. As if the spatial correlation between two transmit antennas is low, the spatial channels from two transmit antennas vary significantly. Therefore, the mapping across two transmit antennas during one subframe can offer additional diversity gain.

In the abovementioned two modes, interleaving are operated across both the clusters and the transmit antennas.  But it is noted that interleaving across the clusters can only be applied for the scenario where the UE is allocated the same size of resource blocks on both clusters.
3. Simulation results

In this section, the PAPR and BLER simulations are conducted to show the advantage of the proposed interleaved antenna grouping method with two clusters and two transmit antennas. The two DFT data streams are assumed to allocate the same size of resource blocks on both clusters in these simulations.
· PAPR performance 

Simulation results are made to evaluate the PAPR of the grouping methods with Clustered DFT-S-OFDM under the conditions of N=1024 and M=120 for 16QAM. The simulation results are shown in Fig.3. It can be observed that the grouping scheme has about 0.8dB gain over Clustered DFT-S-OFDM. It is reasonable since in the grouping scheme one antenna has half clusters compared with Clustered DFT-S-OFDM, hence brings some PAPR reduction. In addition, the proposed interleaved grouping method has the same PAPR performance to the existing grouping method [2].
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Fig. 3 PAPR performance 

· BLER performance
In the following, the BLER simulations are conducted to compare the performance of the proposed two modes of interleaved grouping method with that of the existing grouping method [2]. The basic simulation parameters and assumptions are described in Table 1.
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Fig. 4 BLER performance 

Table. 1 Simulation parameters and assumptions

	Parameters
	Values

	Carrier frequency
	2.0 GHz

	Transmission bandwidth
	10 MHz (FFT size N=1024)

	TTI length
	1.0 ms (i.e., 1 subframe or 2 slots)

	Number of allocated RUs
	10

	DFT size (M)
	120 (i.e., 10 RUs)

	Cyclic Prefix (CP) length
	4.04μs/62samples x 7

5.08μs/78samples x 1

	Modulation
	16QAM

	Channel coding
	Turbo encoding with rate of  1/2

	Codeword block size (assuming each codeword block corresponds to one subframe)
	2880 bits for 16QAM+1/2 TC

	Subcarrier mapping
	Localized

	Spatial Channel model
	3GPP SCME with fixed parameters[6]

	Scenario
	Urban macro (NLOS)

	Antenna configurations
	2 antennas at Mobile Station (MS) with 0.5 wavelength spacing

2 antennas at Base Station (BS) with 10 wavelengths spacing

	Velocity
	30kmph

	Channel Estimation
	Perfect channel estimation

	Turbo decodewordr
	Linear-log-MAP (i.e., MAX-log-MAP plus linear correction function) with 8 iterations

	Definition of SNR
	The total received power per receive antenna to the noise power ratio in frequency domain

	Number of subframes simulated
	10000


Fig. 4 shows the BLER performances of these grouping schemes. It can be observed that the interleaved antenna grouping method can achieve better performance than existing grouping method due to the additional diversity gain. At the BLER of 0.01, the interleaved antenna grouping method has about 2dB gain compared with the existing grouping method.
4. Conclusions

In this contribution, an interleaved antenna grouping method for Clustered DFT-S-OFDM is proposed which provide the low PAPR performance and high diversity gain. The slot-based antenna grouping scheme mitigates the increase of PAPR as the number of clusters assigned to each antenna is usually smaller than the existing Clustered DFT-S-OFDM at one slot of one subframe. Moreover, the frequency domain interleaving and spatial domain interleaving scheme achieves additional diversity gain due to channel variations in spatial domain and frequency domain during one turbo coded stream. Simulation results show that the proposed scheme has a significant gain compared to existing grouping method. In addition, the PAPR is lower than Clustered DFT-S-OFDM. Therefore, we recommend to support the interleaved antenna grouping method for Clustered DFT-S-OFDM.
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