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1. Introduction
In RAN4 #82, RAN4 continued discussion on feasibility of PDSCH demodulation performance requirements of enhanced SU-MIMO receiver in different deployment and interference scenarios. As the outcome of online/offline discussion, WF [1] was agreed. In WF, following scenarios were confirmed as feasible scenario for performance requirement definition. 

· MIMO Rank 2 scenarios
· TM4 2x4 + 16QAM 1/2, ULA medium
· TM9 2x4 + 16QAM 1/2, ULA medium
· MIMO Rank 3 scenarios
· TM3 4x4 + 16QAM, ULA medium A
On the other hand, following scenarios are listed as FFS scenarios. 
· MIMO Rank 2 scenario
· TM4/9 4x4 + 256QAM,  ULA low/medium A
· TM4/9 4x4 + 64QAM, ULA medium/medium A
· MIMO Rank 4 scenarios
· TM4/9 4x4 + 16QAM, XPOL medium A
In this contribution, we provide simulation results for agreed test cases and our view on FFS scenarios and feature group. 
2. Discussion

2.1. Simulation results for agreed tests
For rank 2 PDSCH demodulation, following scenarios were identified as feasible scenario and corresponding simulation assumptions were captured in simulation assumption [2]. 

· TM4 2x4 + 16QAM 1/2, ULA medium

· TM9 2x4 + 16QAM 1/2, ULA medium

Figure 1 shows simulation results for rank 2 PDSCH demodulation test for FDD and TDD. 
For rank 3 PDSCH demodulation test, TM3 test for 16QAM was identified as feasible scenario for SU-MIMO demodulation test. Figure 2 shows simulation results for FDD and TDD. 
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(a) FDD simulation results
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(b) TDD simulation results

Figure 1. Rank 2 PDSCH demodulation performance
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(a) FDD                                                                               (b) TDD
Figure 2. Rank 3 PDSCH demodulation performance

2.2. Analyses on FFS scenarios
In WF [1], following cases were listed as FFS scenario for rank 2 PDSCH. 

· TM4/9 4x4 + 64QAM, ULA medium/medium A

· TM4/9 4x4 + 256QAM,  ULA low/medium A

Figure 3 and 4 show simulation results for 64QAM and 256QAM. For 64QAM case, we can observe that
· In medium correlation channel, R-ML receiver can provide 1~2dB gain over LMMSE receiver. However, SNR for 70% peak throughput too high for test definition. 
· In medium A correlation channel, performance gain of R-ML receiver is marginal for meaningful test case definition. 
For 256QAM case, in medium A correlation channel, performance gain of R-ML receiver is marginal. We expect even smaller performance difference for low correlation channel. 
Observation 1.For rank 2 PDSCH with 64QAM and 256QAM modulation, it is not feasible to specify performance requirement due to either marginal performance gain or too high operating SNR.  
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Figure 3. Rank 2 PDSCH with 64QAM
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Figure 4. Rank 2 PDSCH with 256QAM
For Rank 4 PDSCH, following scenario was listed as FFS scenario in WF [1]. 

· TM4/9 16QAM 1/2 XPOL medium A
Figure 5 shows simulation results for rank 4 PDSCH demodulation tests. From the simulation results, we can observe that

· In XPOL medium A correlation channel, performance gain of R-ML receiver over LMMSE receiver is too small to allow specification of performance requirement
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Figure 5. Rank 4 PDSCH demodulation performance

Observation 2. For rank 4 PDSCH with 16QAM, it is not feasible to specify performance requirement in XPOL medium A correlation channel due to marginal performance gain of R-ML receiver over LMMSE.  

Proposal 1. Deprioritize rank 2 PDSCH demodulation test with 64/256QAM and rank 4 PDSCH demodulation test.  

2.3. Feature group
As RAN4 introduces new SU-MIMO performance requirements in Rel-14, we will have following SU-MIMO requirements in 36.101 overall. 
· Rank 2 SU-MIMO tests for 2 Rx UE
· TM3 demodulation test (8.2.1.3.1B, 8.2.2.3.1B)

· TM3 demodulation test with TM1 interference (8.2.1.3.1C, 8.2.2.3.1C)

· TM4 demodulation test (8.2.1.4.2A, 8.2.2.4.2A)

· TM9 demodulation test (8.3.1.2A, 8.3.2.2A)

· Rank 2 SU-MIMO tests for 4 Rx UE
· TM4 demodulation test

· TM9 demodulation test

· Rank 3 SU-MIMO test for 4 Rx UE

· TM3 demodulation test
For feature group definition, we would like to separate SU-MIMO feature group for rank 2 and rank 3/4 PDSCH demodulation. Since R-ML implementation for rank 2 demodulation and rank 3/4 demodulation requires significantly different hardware complexity, it would be beneficial to allow UE to declare separate feature for rank 2 and rank 3/4 SU-MIMO. In that way, UE vendor can choose to implement R-ML receiver for rank 2 PDSCH but simpler receiver for rank 3/4 PDSCH. 
Proposal 2. Define separate SU-MIMO feature group for rank 2 and rank 3/4 PDSCH demodulation. 
For rank 2 SU-MIMO feature, we would like to specify common feature group for 2 Rx and 4 Rx UE. For UE that supports only 2 Rx band, only rank 2 SU-MIMO feature is applicable. For UE that supports both 2 Rx and 4 Rx bands, if it supports R-ML receiver in 2 Rx band, implementation of R-ML receiver in 4 Rx band would require only marginal increase in hardware complexity compared to R-ML receiver in 2 Rx band. 
Proposal 3. For rank 2 SU-MIMO feature, specify common feature group for 2 Rx and 4 Rx UE. 
Based on above analyses, we can consider following categorization of potential UE implementation of SU-MIMO feature. 
· 2 Rx UE that supports rank 2 SU-MIMO feature
· 4 Rx UE that supports only rank 2 SU-MIMO feature

· 4 Rx UE that supports both rank 2 and rank 3/4 SU-MIMO features

Proposal 4. Consider following test applicability rule for SU-MIMO feature. 

	
	2 Rx UE supporting rank 2 SU-MIMO
	4 Rx UE supporting rank 2 SU-MIMO
	4 Rx UE supporting rank 2 and rank 3/4 SU-MIMO

	Common SU-MIMO test
	Rank 2 TM3 test with 2 Rx
Rank 2 TM3 test with TM1 interference
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference

	Rank 2 SU-MIMO test
	Rank 2 TM4 test with 2 Rx

Rank 2 TM9 test with 2 Rx
	Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx
	Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx

	Rank 3 SU-MIMO test
	N/A
	N/A
	Rank 3 TM3 test with 4 Rx


3. Conclusions

In this contribution, we provided simulation results for agreed test cases and our view on FFS scenarios and feature group. Our observations and proposals are 

Observation 1.For rank 2 PDSCH with 64QAM and 256QAM modulation, it is not feasible to specify performance requirement due to either marginal performance gain or too high operating SNR.  

Observation 2. For rank 4 PDSCH with 16QAM, it is not feasible to specify performance requirement in XPOL medium A correlation channel due to marginal performance gain of R-ML receiver over LMMSE.  

Proposal 1. Deprioritize rank 2 PDSCH demodulation test with 64/256QAM and rank 4 PDSCH demodulation test.  

Proposal 2. Define separate SU-MIMO feature group for rank 2 and rank 3/4 PDSCH demodulation. 

Proposal 3. For rank 2 SU-MIMO feature, specify common feature group for 2 Rx and 4 Rx UE. 

Proposal 4. Consider following test applicability rule for SU-MIMO feature. 

	
	2 Rx UE supporting rank 2 SU-MIMO
	4 Rx UE supporting rank 2 SU-MIMO
	4 Rx UE supporting rank 2 and rank 3/4 SU-MIMO

	Common SU-MIMO test
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference
	Rank 2 TM3 test with 2 Rx

Rank 2 TM3 test with TM1 interference

	Rank 2 SU-MIMO test
	Rank 2 TM4 test with 2 Rx

Rank 2 TM9 test with 2 Rx
	Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx
	Rank 2 TM4 test with 4 Rx

Rank 2 TM9 test with 4 Rx

	Rank 3 SU-MIMO test
	N/A
	N/A
	Rank 3 TM3 test with 4 Rx
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