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1. Introduction
Uplink MIMO transmission methods for LTE-Advanced have been considered and investigated since the LTE-Advanced Workshop in Shenzhen. Introduction of MIMO in the uplink for enhanced peak data rate and spectral efficiency is inevitable in order to meet the target uplink requirements described in TR 36.913 [1]. 
In addition to SC-FDMA, NxDFTS-OFDMA, clustered DFTS-OFDMA and/or OFDMA have been considered and compared as an additional uplink transmission candidate scheme. One of the most favourable aspects of SC-FDMA and its extended schemes (that is, NxDFTS-OFDMA and clustered DFTS-OFDMA) is the low PAPR characteristic. Therefore, if MIMO schemes are considered based on SC-FDMA, NxDFTS-OFDMA and/or clustered DFTS-OFDMA, it is very important to keep their low PAPR property in MIMO environments. 

In this contribution, we discuss SU-MIMO spatial multiplexing methods for SC-FDMA. It is shown that spatial channel averaging for performance improvement is achieved by simple layer processing while keeping the same low PAPR property as in single-antenna transmission. 
2. MIMO spatial multiplexing for SC-FDMA
Figure 1 shows a MIMO spatial multiplexing scheme with simple layer processing for SC-FDMA MCW transmission. As shown in the block diagram, the signal processing chain for SC-FDMA MCW transmission is very similar to the case of LTE DL MCW transmission [2]. However, unlike DL OFDMA, the low PAPR property should be carefully taken into consideration in the case of SC-FDMA MIMO. One simple spatial-multiplexing method preserving the good PAPR property of SC-FDMA is a simple parallel extension of the single-antenna transmission case, which is shown in Fig. 2. In this case, the whole symbol stream belonging to a specific layer is transmitted on an associated transmit antenna. However, in order to achieve some spatial diversity gain, there should be some interaction between different layers. The layer mapper, the layer interleaver and the precoder in the block diagram in Fig. 1 are described in detail in the following. For simplicity, two transmit antennas are assumed.
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Figure 1: SC-FDMA MIMO spatial multiplexing with layer processing
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Figure 2: SC-FDMA MIMO spatial multiplexing by parallel extension of single-antenna transmission

Layer mapping: The complex-valued modulation symbols for each of the code words to be transmitted are mapped onto one or several layers. Complex-valued modulation symbols  
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is the number of modulation symbols for codeword 
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 is the number of layers, and 
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 is the number of modulation symbols per layer. For spatial multiplexing, the layer mapping shall be done according to Table 1. The number of layers 
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 is less than or equal to the number of antenna ports 
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 used for transmission of the physical channel.
Table 1: Codeword-to-layer mapping for spatial multiplexing
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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Layer interleaving: The layer interleaver takes as input a block of vectors
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 from the layer mapping and generates a block of vectors
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, and P is the total number of antenna ports. Possible examples of layer interleaving are listed below.

· Block interleaving across the whole codewords. 

· DFT block-level layer interleaving, which is equivalent to the joint SM with transmit antenna switching in [3]. 

· Modulation symbol-level layer interleaving. A simple example of symbol-level layer interleaving for two layers is shown below.
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Precoding: Precoding can be used for additional diversity or beamforming gain. At the moment, the precoding for spatial multiplexing in case of two layers and two antenna ports is set to be the identity matrix. 

3. Simulation results
In this section, we present some link-level simulation results. Simulation parameters are listed in Table 2. The same MCS index is applied to both codewords. The PERs of SC-FDMA MIMO with and without layer interleaving are compared in Fig. 3 and Fig. 4. Eq. (1) is used for layer interleaving. The layer interleaving brings about ~ 2 dB gain at the PER of 0.01 as shown in Fig. 3 and Fig. 4. This is mainly due to the spatial channel diversity gain achieved by layer interleaving. Moreover, one can see that the PERs of codeword 1 and codeword 2 are almost the same in the entire SNR range when layer interleaving is used. Such similar performance between the two codewords can reduce the amount of CQI feedback, as was already pointed out in the contribution by Alcatel Shanghai Bell and Alcatel-Lucent [3].  
Table 2: Link level simulation parameters

	Parameters
	Values

	Carrier frequency
	2.6 GHz

	Transmission BW
	20 MHz

	Channel
	SCME urban micro

	Mobility
	3 km/h

	No. of codewords
	2 codewords

	No. of PRB per CW
	2 (i.e., 24-pt DFT)

	Antenna configuration
	2x2

	Channel coding
	3GPP LTE Turbo code

	MCS indices
	10 (QPSK), 12 (16QAM)

	Channel estimation
	Perfect and DFT based MMSE channel estimation

	Receiver 
	MMSE
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Figure 3: PER performance results of SC-FDMA MIMO transmission with and without layer interleaving: MCS index is 10 (QPSK, CR=0.57)
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Figure 4: PER performance results of SC-FDMA MIMO transmission with and without layer interleaving: MCS index is 12 (16QAM, CR=0.33)

4. Conclusions
In this contribution, we have presented SU-MIMO spatial multiplexing methods for SC-FDMA. It is shown that spatial channel diversity gain can be achieved by simple layer interleaving without any increase in PAPR. 
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