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Introduction
 In RAN1# 85, the following items about MUST Case 3 were agreed [1][2]. 
· For MUST Case 1 and Case 2, multiple power ratios are supported at least for some combinations of MUST-near UE and MUST-far UE modulation orders 
· For case 3, FFS
· For MUST case 1/case 2/case 3, dynamic switching between MUST and non-MUST operation is supported.
· Maximum number of spatial layers for MUST 
· For MUST case 1 and case 2, up to 2 spatial layers for each UE are used.
· For MUST case 3, the maximum number of spatial layers for a UE should be limited, with details FFS.
In this contribution, we discuss MUST case 3 with some evaluation results. The mechanism for MUST case 3 is proposed. Scheduler implementation for case 3 and corresponding system level results are presented. 
Mechanism for MUST Case 3
The superposition with the same precoding vector is used in MUST Case 1. As a further work, the superposition with different precoding vectors is allowed in MUST Case 3. Although the second kind of superposition increases the probability of pairing, it may increase the implementation complexity of receiver.
For Case 3, when the superposition with mutually orthogonal precoding vectors is used, multi-user signal can be demodulated by MMSE receiver. When the superposition with different and non-orthogonal precoding vectors is used, multi-user signal can be demodulated by ML receiver instead of MMSE receiver. If the number of interfering layers is more than 1, the demodulation operation is more complicated for ML receiver. The efficiency of interference cancellation of ML receiver becomes lower.
When the superposition with mutually orthogonal precoding vectors is used, the power difference on multi-user signal does not contribute to demodulation. When the superposition with different and non-orthogonal precoding vectors is used, the power difference on multi-user signal needs the receiver with high computation complexity. 
To reduce the implementation complexity of the receiver for Case 3, our proposals are summarized below.
· The superposition with up to two users is supported by Case 3.
· If the superposition with different and non-orthogonal precoding vectors is used, the rank of each user signal is limited to 1.
· Equal power allocation between the spatial layers should be used.
Scheduler Implementation for Case 3
Scheduler implementation for MUST Case 3 is discussed in this section. 
MUST Case 1 is a special case of Case 3 [3], since Case 1 assumes the same precoding vectors. It is proposed for the scheduler that Case 3 can fall back to Case 1 when Case 1 is more helpful in improving system performance than Case 3. Similarly, SU-MIMO is a special case of Case 1. Case 1 can fall back to SU-MIMO, which has been implemented in the scheduler for Case 1. 
In order to facilitate the dynamic switching between Case 3 and Case 1, unified signalling format between Case 3 and Case 1 is needed.
To improve the system performance, we have the following proposals:
· Case 3 can fall back to Case 1.
· Unified signalling design between Case 3 and Case 1 is needed.
Above all, the superposition with different precoding vectors, MUST Case 1 and SU-MIMO are offered as alternative operation modes in the scheduler for Case 3. The scheduling policy can make MUST Case 3 achieve better system performance than SU-MIMO or MUST Case 1.
System Simulation Results for Case 3 
Comparison between the system results on Full-Buffer of MUST Case 3 and Case 1 is given in this section. The deep analysis on the system results is provided.                      
Performance comparison of MUST Case 3 and Case 1 with 2Tx is shown as Table 1.
Table 1 Performance comparison of MUST Case 3 and Case 1 with 2Tx
	Case
	User Throughput (bps)
	Baseline
(SU-MIMO)
	MUST Case 3
	Gain
	MUST Case 1
	Gain

	2Tx
	Cell average
	1.3240
	1.6002
	20.85%
	1.3886
	4.87%

	
	Cell edge
	0.0241
	0.0268
	11.31%
	0.0287
	19.19%


Performance comparison of MUST Case 3 and Case 1 with 4Tx is shown as Table 2.
Table 2 Performance comparison of MUST Case 3 and Case 1 with 4Tx
	Case
	Spectral Efficiency (b/s/Hz/Sec)
	Baseline
(SU-MIMO)
	MUST Case 3
	Gain
	MUST Case 1
	Gain

	4Tx
	Cell average
	1.5722
	2.1235
	35.06%
	1.6091
	2.35%

	
	Cell edge
	0.0337
	0.0358
	6.24%
	0.0394
	17.07%


As the tables above showed, the gain on cell average spectral efficiency of MUST Case 3 over SU-MIMO is more significant than that of Case 1. On the other hand, the gain on cell edge spectral efficiency of MUST Case 3 over SU-MIMO is lower than that of Case 1.
The proportion of user operation modes in MUST Case 3 and Case 1 with 2Tx is shown as Table 3. These user operation modes include SU-MIMO, multi-user superposition with different precoding vectors and multi-user superposition with the same precoding vector.
Table 3 Proportion of user operation modes in MUST Case 3 and Case 1 with 2Tx
	Case
	Operation mode
	MUST Case 3
	MUST Case 1

	2Tx
	SU-MIMO
	5.88%
	40.00%

	
	MUST with different precoding vectors
	64.05%
	-

	
	MUST with same precoding vector
	30.07%
	60.00%


The proportion of user operation modes in MUST Case 3 and Case 1 with 4Tx is shown as Table 4.
Table 4 Proportion of user operation modes in MUST Case 3 and Case 1 with 4Tx
	Case
	Operation mode
	MUST Case 3
	MUST Case 1

	4Tx
	SU-MIMO
	2.13%
	57.68%

	
	MUST with different precoding vectors
	80.76%
	-

	
	MUST with same precoding vector
	17.12%
	42.32%


As seen in Tables 3 and 4, for Case 3, the proportion of SU-MIMO is very small. Most of the user operation modes is MUST with different precoding vectors. A small part of the user operation modes is MUST with the same precoding vector. For Case 1, the superposition with different precoding vectors does not exist. The proportion of SU-MIMO is roughly the same as that of MUST with the same precoding vector. When 2Tx is used, the proportion of MUST with the same precoding vector is somewhat bigger. When 4Tx is used, the proportion of SU-MIMO is slightly bigger.
Based on the performance and proportion of user operation modes, it is believed that the gain on cell average spectral efficiency of MUST Case 3 over SU-MIMO mostly comes from using different precoding vectors. The superposition with the same precoding vector contributes certain gain also. 
In addition, the gain on cell edge spectral efficiency of MUST Case 1 over SU-MIMO mostly comes from the superposition with the same precoding vector. The contribution of the superposition with the same precoding vector on the cell average spectral efficiency of MUST Case 1 is limited.
Conclusions  
Firstly, this paper gives some discussion on the mechanism and scheduler implementation for Case 3. To reduce the implementation complexity of the receiver for Case 3, our proposals are summarized below.
Proposal 1: The superposition with up to two users is supported by Case 3.
Proposal 2: If the superposition with different and non-orthogonal precoding vectors is used, the rank of two user signal is limited to 1.
Proposal 3: Equal power allocation between the spatial layers should be used.
Secondly, comparison between the system results of MUST Case 3 and Case 1 is presented. Case 3 has large advantage over Case 1 in improving the cell average spectral efficiency. However, Case 1 has some advantage over Case 3 in improving the cell edge spectral efficiency.  
To improve the performance, we have the following proposals:
Proposal 4: Case 3 can fall back to Case 1.
Proposal 5: The unified signaling design between Case 3 and Case 1 is needed.
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Annex
Table A1:  System-level simulation assumptions of MUST 
	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25m

	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 or 4Tx, 0.5 lambda, cross-polarized
UE: 2Rx, 0.5 lambda, cross-polarized

	Number of UEs per cell
	10

	Maximum number of multiplexed UE
	2 1ayer/per UE

	Delay time of scheduling
	5 ms

	Traffic model
	Wideband scheduling

	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

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

	Duration of the simulation 
	40s for FTP1, 5s for full buffer 
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