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Introduction
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]MUST can increase system capacity as well as the user experience in certain scenarios at least for 2Tx case [1]. At RAN #71 meeting, up to 4Tx CRS-based and up to 8Tx DMRS-based transmission schemes were added to MUST Work Item [2]. It is recommended to evaluate their system-level performance based on the evaluation methodology and assumptions in TR36.859 [2]. In this contribution, preliminary simulation results for MUST using 2Tx/4Tx/8Tx antennas are presented. 
System Simulation Assumptions for MUST
In the present system simulation for MUST, 2x2 antennas, 4x2 antennas and 8x2 antennas are assumed. CRS based transmission mode is assumed for 2Tx or 4Tx antennas, while DMRS based transmission mode is assumed for 8Tx antennas. Same precoder is used for MUST pair UEs. Up to 2 spatial layers are used. Channel estimation and measurement is realistic. Shadowing and fast fading channel between eNB and UE are based on ITU UMa. UE speed is 3 km/h. SIC receiver is used to remove the interference from the edge UE. The baseline is SU-MIMO. More detailed simulation assumptions are described in Table A1.
Proposal:
· Up to 2 spatial layers should be used for MUST Case 1/2.
Scheduler Implementation for 8Tx Antennas
Compared with MUST with 2Tx antennas, the scheduling for 8Tx antennas is more challenging: 
· The pool for UE pairing (in power domain) shrinks as the number of transmitting antennas is increased. The reason is that channel becomes more complex with more Tx antennas. There is less chance for UEs to have similar channel conditions, which makes it more difficult to pair UEs.  
· The rank reported by UE tends to be higher with the growing number of transmitting antennas. There is more chance that scheduler chooses spatial multiplexing rather than MUST.
It can be expected that the advantage of multiplexing in power domain for MUST using 8Tx antennas would diminish.
System Simulation Results for MUST
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15]In this section, system level simulation results on FTP are provided. Performance comparison of SU-MIMO and MUST using 2Tx antennas on FTP is shown in Table 1. The gain of the MUST over SU-MIMO at 50% UPT is 15.5%, which is significant. The gain of the mean UPT of MUST over SU-MIMO is also decent. MUST results in some gains in the cell edge user spectral efficiency. 
Table 1 performance comparison of SU-MIMO and MUST using 2Tx antennas on FTP
	CSI feedback scheme
	RU
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	SU-MIMO
	0.8401
	5.18735
	0.7042
	3.06875

	MUST
	0.81655
	5.6839
	0.7506
	3.5446

	Gain
	
	9.57%
	6.59%
	15.51%


Performance comparison of SU-MIMO and MUST using 4Tx antennas on FTP is shown in Table 2. The gain of the 50% UPT of MUST than SU-MIMO is 8.7%, which is significantly smaller compared with the gain in the case of 2Tx antennas. MUST performs reasonably well for the cell edge user. The gain of the mean UPT of MUST is reduced respect to 2Tx antennas. 
Table 2 Performance comparison of SU-MIMO and MUST using 4Tx antennas on FTP
	CSI feedback scheme
	RU
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	SU-MIMO
	0.8278
	6.2457
	0.7739
	3.7425

	MUST
	0.8122
	6.57985
	0.82995
	4.0695

	Gain
	
	5.35%
	7.24%
	8.74%


Performance comparison of SU-MIMO and MUST using 8Tx antennas on FTP is shown in Table 3. It is obvious that MUST no longer provides significant gain over SU-MIMO. The benefit of power domain multiplexing would play very minor role in the overall system gain from 8Tx antennas.
Table 3 Performance comparison of SU-MIMO and MUST using 8Tx antennas on FTP
	CSI feedback scheme
	RU
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	SU-MIMO
	0.732
	10.30015
	1.38905
	7.03105

	MUST
	0.72905
	10.3809
	1.41175
	7.12815

	Gain
	
	0.78%
	1.63%
	1.38%


The distributions of assigned MCS are illustrated in Fig. 1 for 2Tx, 4Tx and 8Tx antennas. It is observed that the higher MCS indices occur more often with the growing number of transmit antennas. In the case of 8Tx antennas, scheduler would prefer spatial multiplexing rather than NOMA. 
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                                                 Figure 1 MCS distributions for 2Tx/4Tx/8Tx antennas.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]UE pairing statistics are shown in Fig. 2 for 2Tx, 4Tx and 8Tx antennas. It is observed that the percentage of the UE scheduled for NOMA decreases as the number of transmitting antennas increases. In the case of 8Tx antenna, MUST percentage is reduced to 0.65%. Most of UEs are scheduled for spatial multiplexing.
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                                           Figure 2 UE pairing statistics for 2Tx/4Tx/8Tx antennas.
Conclusion
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK8][bookmark: OLE_LINK9]This contribution provides preliminary simulation results for MUST and SU-MIMO for FTP traffic using 2Tx/4Tx/8Tx antennas. Some analyses on the gain of MUST over SU-MIMO are presented. It is observed that MUST does not outperform SU-MIMO when 8Tx antennas are used. 
Proposal:
· Up to 2 spatial layers should be used for MUST Case 1/2.
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Annex
Table A1:  System-level simulation assumptions 
	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25 m

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna gain + connector loss
	17 dBi

	UE antenna gain
	0 dBi

	Channel Estimation
	realistic

	Channel Measurement
	realistic

	UE speed
	3 km/h

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	eNB: 2Tx, 0.5 lambda, cross-polarized
UE: 2Rx, 0.5 lambda, cross-polarized

	Number of BS antennas
	2/4/8

	Number of UE antennas
	2

	Number of UEs per cell
	30

	Maximum number of multiplexed UE
	2 (using the same precoder)

	Delay time of scheduling
	6 ms

	Traffic model
	Wideband scheduling,
[bookmark: OLE_LINK6][bookmark: OLE_LINK7] FTP1，Packet Size = 0.1Mbytes

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Total BS TX power (total per carrier)
	46 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Antenna Height
	25 m

	UE antenna Height
	1.5 m

	Codebook
	LTE Rel. 8

	OLLA
	Yes

	Receiver
	MMSE with IRC and SIC

	EVM
	EVM is modeled, 8% TX, 4% RX
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