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1 Introduction
Last RAN4 meeting, the WFs on evaluation scenarios for test feasibility and simulation assumptions for enhanced SU-MIMO receivers were agreed [1][2]. In this contribution, we provide our views on test scenarios and performance evaluation for enhanced SU-MIMO receiver.
2 Discussion
In [1], based on RML receiver, RAN4 discussed feasible test scenarios for enhanced SU-MIMO and agreed feasible test scenarios according to modulation orders and rank. 

Table 1 Agreed test feasibility
	
	16QAM
	64QAM
	256QAM

	Rank 2
	Feasible for test
	Need more evaluation
	Need more evaluation

	Rank 3
	Feasible for test
	Need more evaluation
	Infeasible for test

	Rank 4
	Need more evaluation
	Need more evaluation
	Infeasible for test


For yellow part scenarios, simulation results are provided by using RML receiver. 
Rank 2 with 64QAM and 256QAM
Figure 1 shows throughput performance for MMSE and RML receivers under rank 2 with 64QAM for TM4 and TM9, and SNR gain for RML receiver is summarized in Table 2.
Table 2 SNR gain for RML receiver at 70%-tile Tput over MMSE receiver
	Rank 2 64QAM
	Low correlation
	Medium correlation
	Medium A correlation

	TM4
	0.94
	0.80
	0.87

	TM9
	1.76
	2.47
	1.98


· Observation 1: For TM4, the performance gain by RML receiver is small to define performance requirements.
· Observation 2: For TM9, reasonable performance gains are provided by RML receiver considering Medium and Medium A correlation condition, so these scenarios are feasible to define performance requirements.
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Figure 1 Throughput performance for TM4/TM9 with Rank2 64QAM (2X4 EPA5)
Figure 2 shows throughput performance for MMSE and RML receivers under rank 2 with 256QAM for TM4 and TM9, and SNR gain for RML receiver is summarized in Table 3.
Table 3 SNR gain for RML receiver at 70%-tile Tput over MMSE receiver
	Rank 2 256QAM
	Low correlation
	Medium correlation
	Medium A correlation

	TM4
	0.86
	1.65
	1.85

	TM9
	2.48
	N/A
	2.42


· Observation 3: Medium A correlation scenario for TM4 has suitable performance gain and is testable.
· Observation 4: For TM9, Low correlation scenario is feasible to define performance requirements. 
· Observation 5: ForTM9 Medium A correlation scenario, testable performance gain could be achieved by RML receiver, but target SNR at 70%-tile is high as around 25dB.
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Figure 2 Throughput performance for TM4/TM9 with Rank2 256QAM (4X4 EPA5)
Rank 3 with 16QAM and 64QAM
Figure 3 shows throughput performance for MMSE and RML receivers under rank 3 with 16QAM and 64QAM for TM3, and SNR gain for RML receiver is summarized in Table 4.

Table 4 SNR gain for RML receiver at 70%-tile Tput over MMSE receiver
	Rank 3 TM3
	Low correlation
	Medium correlation
	Medium A correlation
	XPOL Medium A

	16QAM
	1.12
	N/A
	6.19
	0.95

	64QAM
	
	
	N/A
	1.58


· Observation 6: For 16QAM, sufficient gain under Medium A correlation scenario can be achieved RML receiver.
· Observation 7: For 64QAM, the performance improvement for RML receiver is not enough to define performance requirement. 
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Figure 3 Throughput performance for TM3 with Rank3 16QAM/64QAM (4X4 EVA70)
Rank 4 with 16QAM
Figure 4shows throughput performance for MMSE and RML receivers under rank 4 with 16QAM for TM4 and TM9, and SNR gain for RML receiver is summarized inTable 5.

Table 5 SNR gain for RML receiver at 70%-tile Tput over MMSE receiver
	Rank 4 16QAM
	Medium correlation
	Medium A correlation
	XPOL Medium A

	TM4
	N/A
	N/A
	3.51

	TM9
	
	N/A
	3.54


· Observation 8: For TM4 and TM9, only XPOL Medium A correlation scenario can provide reasonable performance gain to define performance requirements.
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Figure 4 Throughput performance for TM4 with Rank4 16QAM (4X4 EPA5)
Based on observations according to simulation results, feasible scenarios (green part) to define performance requirements could be summarized in Table 6.
Table 6 Feasible scenarios for performance requirement
	
	16QAM
	64QAM
	256QAM

	Rank 2
	TM4 ULA Medium (2X4)
TM9 ULA Medium (2X4)
	TM9 ULA Medium (2X4)
TM9 ULA Medium A (2X4)
	TM4 ULA Medium A (4X4)
TM9 ULA Low (4X4)

	Rank 3
	TM3 ULA Medium A (4X4)
	Infeasible for test
	Infeasible for test

	Rank 4
	TM4 XPOL Medium A (4X4)
TM9 XPOL Medium A (4X4)
	Infeasible for test
	Infeasible for test


· Proposal 1: Consider test scenarios to define performance requirement for enhanced SU-MIMO based on Table 6.
· Proposal 2: Consider following test cases for performance requirements for enhanced SU-MIMO (Table 7)
Table 7 Proposing test cases for enhances SU-MIMO
	Test Case
	Rank
	Transmission mode
	Modulation order
	Antenna configuration
	Channel correlation

	1
	Rank 2
	TM4
	16QAM
	2X4 EPA5
	Medium

	2
	
	TM9
	64QAM
	2X4 EPA5
	Medium A

	3
	
	TM4
	256QAM
	4X4 EPA5
	Medium A

	4
	
	TM9
	256QAM
	4X4 EPA5
	Low

	5
	Rank 3
	TM3
	16QAM
	4X4 EVA70
	Medium A

	6
	Rank 4
	TM4
	16QAM
	4X4 EPA5
	XPOL Medium A

	7
	
	TM9
	16QAM
	4X4 EPA5
	XPOL Medium A


3 Conclusion 
In this contribution, we provide our views on test scenarios based on performance evaluation for enhanced SU-MIMO receiver. Based on simulation results, we observe  

Rank 2 with 64QAM and 256QAM
· Observation 1: For TM4, the performance gain by RML receiver is small to define performance requirements.
· Observation 2: For TM9, reasonable performance gains are provided by RML receiver considering Medium and Medium A correlation condition, so these scenarios are feasible to define performance requirements.
· Observation 3: Medium A correlation scenario for TM4 has suitable performance gain and is testable.

· Observation 4: For TM9, Low correlation scenario is feasible to define performance requirements. 

· Observation 5: ForTM9 Medium A correlation scenario, testable performance gain could be achieved by RML receiver, but target SNR at 70%-tile is high as around 25dB.
Rank 3 with 16QAM and 64QAM
· Observation 6: For 16QAM, sufficient gain under Medium A correlation scenario can be achieved RML receiver.

· Observation 7: For 64QAM, the performance improvement for RML receiver is not enough to define performance requirement. 

Rank 4 with 16QAM
· Observation 8: For TM4 and TM9, only XPOL Medium A correlation scenario can provide reasonable performance gain to define performance requirements.
From observations, feasible test scenarios could be decided as follows:
	
	16QAM
	64QAM
	256QAM

	Rank 2
	TM4 ULA Medium (2X4)

TM9 ULA Medium (2X4)
	TM9 ULA Medium (2X4)

TM9 ULA Medium A (2X4)
	TM4 ULA Medium A (4X4)

TM4 ULA Low (4X4)

	Rank 3
	TM3 ULA Medium A (4X4)
	Infeasible for test
	Infeasible for test

	Rank 4
	TM4 XPOL Medium A (4X4)

TM9 XPOL Medium A (4X4)
	Infeasible for test
	Infeasible for test


Then we propose

· Proposal 1: Consider test scenarios to define performance requirement for enhanced SU-MIMO based on Table 6.

· Proposal 2: Consider following test cases for performance requirements for enhanced SU-MIMO(Table 7)
	Test Case
	Rank
	Transmission mode
	Modulation order
	Antenna configuration
	Channel correlation

	1
	Rank 2
	TM4
	16QAM
	2X4 EPA5
	Medium

	2
	
	TM9
	64QAM
	2X4 EPA5
	Medium A

	3
	
	TM4
	256QAM
	4X4 EPA5
	Medium A

	4
	
	TM9
	256QAM
	4X4 EPA5
	Low

	5
	Rank 3
	TM3
	16QAM
	4X4 EVA70
	Medium A

	6
	Rank 4
	TM4
	16QAM
	4X4 EPA5
	XPOL Medium A

	7
	
	TM9
	16QAM
	4X4 EPA5
	XPOL Medium A
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