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1. Introduction

For LTE-Advanced, in order to enhance the uplink performance especially the system throughput, it is agreed to adopt the uplink MU-MIMO transmission [1]. When UL-MIMO schemes for LTE-Advanced are investigated, it should be taken into account that the single-carrier property of SC-FDMA should be kept as much as possible in condition with providing considerable performance gain as compared with single Tx transmission in LTE [2]. Based on these consideration points, in this contribution, we present link-level simulation results for an uplink MU-MIMO scheme in LTE-Advanced.
2. MU-MIMO scheme with BST-DFT-S-OFDM
The diagram of the MU-MIMO scheme with BST-DFT-S-OFDM is shown in Fig. 1. The eNB can schedule two UEs to transmit on the same frequency-time resource on uplink. For each UE,  the M-point DFT output symbols compose one data vector
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are coded as the two input elements of BST (Block Space-Time coding). In this scheme, the block space-time coding can be considered as a special Alamouti coding [3] that is based on the vectors rather than the symbols. At time k, SFBC outputs two coded vectors
[image: image3.wmf]{

}

1

,

kk

+

XX

; At time k+1, SFBC outputs another two vectors
[image: image4.wmf]{

}

**

1

,

kk

+

-

XX

. 
[image: image5.wmf]k

X

, 
[image: image6.wmf]*

1

k

+

-

X

 are mapped to the first transmit antenna and
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 are mapped to the second transmit antenna. 
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Fig. 1 Block diagram of the MU-MIMO scheme with BST-DFT-S-OFDM
3. Link level simulation results
Link level simulations are conducted to evaluate the performance of SU/MU-MIMO scheme based on BST-DFT-S-OFDM. The simulation parameters and assumptions are listed in Tab. 1.
Tab. 1 Simulation parameters and assumptions 

	Parameters
	Values

	Carrier frequency
	2.0 GHz

	Transmission bandwidth
	20 MHz (FFT size N=2048)

	TTI length
	1.0 ms 

	Number of allocated RBs 
	10

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

	Cyclic Prefix length
	4.69μs

	Modulation
	QPSK, 16QAM

	Channel coding
	Without channel coding

	Subcarrier mapping
	Localized

	Channel model
	TU channel

	Antenna configurations
	2 antennas at UE
2/4 antennas at eNB

	Velocity
	3kmph

	Channel Estimation
	Perfect channel estimation

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


3.1. Simulations of the PAPR
The simulation results for the PAPR property of BST-DFT-S-OFDM scheme are shown in Fig. 2. The PAPR properties for QPSK and 16QAM with localized subcarrier mapping are shown in Fig. 2 (a) and (b). From the results, we note that the BST-DFT-S-OFDM scheme remains the same PAPR property as that of DFT-S-OFDM with single antenna, while SFBC and STBC DFT-S-OFDM scheme incurring PAPR increasing.
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(a)                                                                         (b)
Fig. 2 PAPR properties of BST-DFT-S-OFDM, DFT-S-OFDM, OFDM, STBC DFT-S-OFDM and SFBC-DFT-S-OFDM, (a) QPSK and (b) 16QAM

3.2. Performance evaluation

Link level simulations are conducted to evaluate the performance of SU/MU-MIMO scheme based on BST-DFT-S-OFDM. Fig 3 (a) and (b) show the BER performance of SU-MIMO with BST-DFT-S-OFDM, SFBC DFT-S-OFDM and STBC DFT-S-OFDM. For Fig.3 (a), two transmit antennas and two receive antennas are considered; and for Fig. 3 (b), two transmit antennas and four receive antennas are considered. From Fig. 3, we can see that the BER performance of BST-DFT-S-OFDM outperforms that of SFBC DFT-S-OFDM and STBC DFT-S-OFDM. 
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(a)  2 Tx, 2 Rx                                             (b) 2 Tx, 2 Rx
Fig. 3 BER Performance of BST-DFT-S-OFDM, SFBC DFT-S-OFDM and STBC DFT-S-OFDM
Fig 4 (a) and (b) show the BER performance of MU-MIMO with DFT-S-OFDM and that of MU-MIMO with BST-DFT-S-OFDM respectively. From the simulation results, we can see that the MU-MIMO scheme of BST-DFT-S-OFDM needs 14.5 dB at BER of, while the MU-MIMO scheme of DFT-S-OFDM needs 16.5 dB at BER of 10-3. Compared with SU-MIMO scheme, MU-MIMO scheme with DFT-S-OFDM improves the spectrum efficiency one time at the cost of additional 6 dB.
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(a)                                                                           (b)
Fig. 4 BER Performance of  MU-MIMO with BST-DFT-S-OFDM and DFT-S-OFDM
4. Conclusions

In this contribution, the performance of UL SU/MU-MIMO with BST-DFT-S-OFDM is evaluated and compared with SFBC DFT-S-OFDM and STBC DFT-S-OFDM. Simulation results show that the BST-DFT-S-OFDM scheme remains the same PAPR property as that of DFT-S-OFDM with single antenna, while SFBC and STBC DFT-S-OFDM scheme incurring PAPR increasing. And the BST-DFT-S-OFDM scheme outperforms the SFBC/STBC DFT-S-OFDM by 0.3~0.5 dB at BER of 10-4. Compared with SU-MIMO scheme, MU-MIMO scheme with DFT-S-OFDM improves the spectrum efficiency one time at the cost of additional 6 dB.
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