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1 Introduction
In the last RAN WG1#47bis meeting, we present the uplink link simulation results that compare SU-MIMO, MU_MIMO, and Selective MU_MIMO based on 2RX antenna at eNB [1]. In this paper, we provide the additional simulation results of MU-MIMO vs. Selective MU_MIMO based on 4Rx antennas at eNB. It is noted that Selective MU-MIMO operation assuming the cases of single Tx antenna and a single RF chain and 2-Tx antennas and a single RF-chain per UE while MU-MIMO employs a single RF chain and single Tx antenna. The previous results based on 2Rx antenna at eNB are shown in Appendix as a reference.
2 Uplink MIMO
We analyze the system capacity performance of three uplink MIMO systems. 
2.1 Multi-User MIMO (MU-MIMO)
In this case, we assume that the UE is equipped with a single RF chain (single PA) and a single Tx antenna. In this case, simultaneous transmission from two UEs is performed with each UE transmitting a single MIMO layer as shown in Figure 1. In this case, a single sounding reference signal (RS) is transmitted from each UE to enable CQI estimation at the eNB.


[image: image23.wmf]-2

0

2

4

6

8

10

12

14

6

8

10

12

14

16

18

20

22

SNR (dB)

Gain over MU-MIMO(%)

 

 

2UE

4UE


Figure 1: Multi-user MIMO system
2.2 Selective Multi-User MIMO 
In this case, we assume that the UE is equipped with a single RF chain (single PA) and 2-Tx antennas. In this case, simultaneous transmission from two UEs is performed with each UE transmitting a single MIMO layer from one of the two antennas selected by the eNB as shown in Figure 2. The UE and antennas pair is selected based on the capacity maximization criteria. In this case, sounding reference signals (RS) need to be transmitted from each of the transmit antennas to enable CQI estimation at the eNB.
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Figure 2: Selective multi-user MIMO system
3 Simulations 

3.1 Simulations Assumptions

The detailed simulations assumptions are summarized in Table 1. The spectral efficiency (bps/Hz) is evaluated by calculating MIMO channel capacity.
Table 1 Simulation Assumptions
	Parameter
	Value

	Subframe duration/TTI
	0.5 ms/1 ms

	Transmission BW
	10MHz

	Number of OFDM symbols per subframe
	6(data) + 2 (pilot) 

	# RB/ RB size
	1,5, 10 RBs/ 12 tones

	NFFT
	1024

	Channel
	SCM Macro Urban

	Rx Antennas at Node-B
	2 and 4

	Antenna Spacing
	10 wavelength at Node-B

0.5 wavelength at UE

	Comparison Schemes
	MU-MIMO, Selective-MU-MIMO


3.2 Simulations Results
The spectral efficiency comparison between multi-user MIMO (MU-MIMO) and selective multi-user MIMO (S-MU-MIMO) for the case of 2 UEs is shown in Figure 4 to Figure 6, which corresponds to three different subband sizes consisting of 1, 5 and 10RBs, respectively. As shown, Selective-MU-MIMO outperforms MU-MIMO systems. Figure 7 to Figure 9 shows the spectral efficiency performance among three comparative schemes with sub-band size of 1, 5, and 10 RBs for the case of 4 UEs. As compared to Figure 4 to Figure 6, the relative performance is improved for both MU-MIMO and Selective-MU-MIMO systems due to the number of UEs increase.   The relative gains of Selective-MU-MIMO over MU-MIMO are also shown in Figur10. Note that, in order to be a fair comparison, we keep the same amount interference level for all the comparative schemes. 
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Figure 4: Spectral efficiency comparison for the case of 2 UEs (1RB)
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Figure 5: Spectral efficiency comparison for the case of 2 UEs (5RBs)
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Figure 6: Spectral efficiency comparison for the case of 2 UEs(10 RBs)
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Figure 7: Spectral efficiency comparison for the case of 4 UEs (1RB)
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Figure 8: Spectral efficiency comparison for the case of 4 UEs (5 RBs)
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Figure 9: Spectral efficiency comparison for the case of 4 UEs (10 RBs)
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Figure 10: Gain of Selective MU-MIMO over MU-MIMO (5 RBs)
4 Conclusions 

We provided performance comparison of MU-MIMO and Selective-MU-MIMO for E-UTRA uplink based on spectral efficiency evaluation.  It is noted that Selective-MU-MIMO scheme assumes that a UE is equipped with 2-Tx antennas while a single RF chain including power amplifier (PA) while MU-MIMO assume a single Tx antenna,  a single RF chain. We notice that Selective-MU-MIMO could provide capacity improvement over simple MU-MIMO. However, additional sounding RS for each TX antenna would be required to enable Selective-MU-MIMO operation.   
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Figure 11: Spectral efficiency comparison for the case of 2 UEs (1RB)
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Figure 12: Spectral efficiency comparison for the case of 2 UEs (5RBs)
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Figure 13: Spectral efficiency comparison for the case of 2 UEs(10 RBs)
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Figure 14: Spectral efficiency comparison for the case of 4 UEs (1RB)
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Figure 15: Spectral efficiency comparison for the case of 4 UEs (5 RBs)
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Figure 16: Spectral efficiency comparison for the case of 4 UEs (10 RBs)
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Figure 17: Gain of Selective MU-MIMO over MU-MIMO (5 RBs)
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