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Introduction
In last RAN4 #110 meeting, the open issues for MU-MIMO advanced receiver WI reference receiver assumption, required information, signaling for network assistant information (NWA), UE capability aspects get conclusions, while some open issues of test parameters and simulation results still need further discussion [1]. In this contribution, we share our views on open issues of MU-MIMO Phase II test parameters as below.
	Sub-topic 2-1 Test parameters
Test requirements without modulation order blind detection (DCI index 1-5 is indicated)
· For Rank 1+1 with 2T2R, down select among the following cases:
· Case#1: Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case#5: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· For Rank 1+1 with 2T4R:
Agreement
· Not cover Rank 1+1 with 2T4R for test if test case is defined for rank 2+2
· IF test requirements are introduced for rank 1+1 with 2T4R, down select among the following cases:
· Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· 
· For Rank 2+2 with 4T4R, down select among the following cases:
· Case#7: Orthogonal precoding, TDLA30-10, ULA Low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case#8: Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· Case#9: Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE
· Case#10: Orthogonal precoding, TDLA30-10, XP medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE
· Orthogonal precoding, TDLA30-10, XP medium, MCS 17 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE

Test requirements with modulation order blind detection (DCI index 6 is indicated)
Agreement
· Down select among the Case#21 to Case#34 in R4-2400805:
· Remove Case 35 and 36 in the study given most companies show limited performance gain over the baseline

Whether to tests UE not support BD-MO with R-ML with DCI index 6 is indicated
· Candidate options:
· Option 1: Introduce test cases only applicable to the UE which can perform E-IRC receiver in that case
· Option 2: Do not introduce such test for UE not support BD-MO with R-ML

MCS Table
· Candidate options on the RRC assistant information configuration on the MCS table:
· For UEs not supporting modulation order blind detection:
· Option 1: No need for the network to inform such information to the UE
· Option 2: Should be presented regardless of whether the UE supports MO BD
· Option 2A: ‘64QAM MCS Table’
· For UEs supporting modulation order blind detection:
· Option 1: RRC-based assistant signalling on MCS Table should be ‘256QAM MCS Table’
· Option 2: Align with the MCS Table configuration in the test


Sub-topic 2-2 Test applicability
For UE supporting MO BD, whether to introduce applicability rule to skip test(s) with modulation order indicated
· Candidate options:
· Option 1: Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO
· Option 2: Do not introduce applicable rule skip tests with modulation order indicated 

Test applicability rule for different test cases
· Proposal 1:
	UE type
	Test applicability
	Note

	R-ML for 2 layers across target and co-scheduled UEs with 2 RX with MO signaled
	Test 1-1
	

	R-ML for up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4 RX with MO signaled
	Test 2-1
Test 3-1
	

	R-ML for 2 layers across target and co-scheduled UEs with 2RX with MO Not signaled
	Test 1-1
Test 1-2
	Test 1-1 can be skipped if Test 1-2 is passed.

	R-ML for 2 layers across target and co-scheduled UEs with 4RX with MO Not signaled
	Test 2-1
Test 2-2
	Test 2-1 can be skipped if Test 2-2 is passed.

	R-ML for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX with MO Not signaled
	Test 2-1
Test 2-2
Test 3-1
Test 3-2
	Test 2-1 can be skipped if Test 2-2 is passed.
Test 3-1 can be skipped if Test 3-2 is passed.

	Test 1-1: 2Tx-2Rx with rank 1+1 with modulation order signaled
Test 1-2: 2Tx-2Rx with rank 1+1 with modulation order Not signaled
Test 2-1: 2Tx-4Rx with rank 1+1 with modulation order signaled
Test 2-2: 2Tx-4Rx with rank 1+1 with modulation order Not signaled
Test 3-1: 4Tx-4Rx with rank 2+2 with modulation order signaled
Test 3-2: 4Tx-4Rx with rank 2+2 with modulation order Not signaled


· Proposal 2: 
	UE feature/capability
	Test type
	Test list
	Applicability notes

	MU-MIMO Interference Mitigation advanced receiver with modulation order signalled 
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.X
Clause 5.2.3.1.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, the Test Y1 in clause 5.2.2.1.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, the Test Z1 in clause 5.2.3.1.X should be passed.


	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.X
Clasue 5.2.3.2.X

	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, the Test Y1 in clause 5.2.2.2.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, the Test Z1 in clause 5.2.3.2.X should be passed.


	MU-MIMO Interference Mitigation advanced receiver with modulation order not signalled
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.X
Clause 5.2.3.1.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UEs with 2RX, the Test Y2 in clause 5.2.2.1.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, the Test Z2 in clause 5.2.3.1.X should be passed.

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.X
Clause 5.2.3.2.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UEs with 2RX, the Test Y2 in clause 5.2.2.2.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, the Test Z2 in clause 5.2.3.2.X should be passed.





Discussion
Test requirements without modulation order blind detection (DCI index 1-5 is indicated)
Rank 1+1 with 2T2R
The way forward in RAN4#110 meeting for test assumptions of Rank 1+1 with 2T2R scenario: down select among the following cases:
· Case#1: Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case#5: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
The difference between Case#1 and Case#5 is only the precoding method, i.e. random precoding or orthogonal precoding. Form the simulation results [2], it is obvious that R-ML receiver could get more gain with random precoding compared with orthogonal precoding. However, it is more practical to use orthogonal precoding for MU-MIMO advance receiver performance estimation, as generally network scheduler will schedule UEs with orthogonal precoding or almost orthogonal precoding as co-scheduled UEs.
Proposal 1: For Rank 1+1 with 2T2R, select Case#5: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE as the test assumptions.

Rank 1+1 with 2T4R
Similar reason as above, for Rank 1+1 with 2T4R, if test requirements are introduced, we prefer to use orthogonal precoding.
Proposal 2: For Rank 1+1 with 2T4R, if test requirements are introduced, prefer to select Case#6: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE as the test assumptions.

Rank 2+2 with 4T4R
For Rank 2+2 with 4T4R, there are still five options left in RAN4#110 meeting, considering the MU-MIMO usually scheduled at high SINR, UEs with low SINR will not be selected as co-scheduled UEs, which means we could only observe high benefit from simulation results.
 Proposal 3: For Rank 2+2 with 4T4R, prefer to select Case#9 or Case#10 as the simulation assumptions.
· Case#9: Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
· Case#10: Orthogonal precoding, TDLA30-10, XP medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE

Test requirements with modulation order blind detection (DCI index 6 is indicated)
According to the simulation results in R4-2400805 [2] and the analysis above, prefer to select Case#31 and Case#32 for Rank 1+1 with 2T2R and 2T4R separately. And for Rank 2+2 with 4T4R scenario, as Case#35 and Case#36 are removed from the candidate list in the RAN4#110 meeting due to the limited performance gain over the baseline, prefer to select Case#34.
Proposal 4: For test requirements with modulation order blind detection (DCI index 6 is indicated), prefer to select Case#31 and Case#32 for Rank 1+1 with 2T2R and 2T4R separately. And for Rank 2+2 with 4T4R scenario, prefer to select Case#34.

Whether to tests UE not support BD-MO with R-ML with DCI index 6 is indicated
When UE not support BD-MO with R-ML, it’s up to UE implementation to perform E-MMSE-IRC receiver or MMSE-IRC receiver, therefore, we prefer not to introduce test cases for this scenario.
 Proposal 5: Do not introduce test cases for UE not supporting BD-MO with R-ML with DCI index 6 is indicated.

MCS Table
In RAN4#108bis meeting, about the RRC assistant information configuration on the MCS table we has below agreement [2]
	[bookmark: _Hlk148002354]Dedicated RRC signalling is provided to the UE (target UE) to indicate the information in each of the following bullets separately, when the information is available:
……
· The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DM-RS sequence as the target UE. The MCS table is one of the following:
· 1024QAM MCS table(s) (Table 5.1.3.1-4 from TS38.214)
· 256QAM MCS table(s) (Table 5.1.3.1-2 from TS38.214)
· 64QAM MCS tables (Table 5.1.3.1-1 or 5.1.3.1-3 from TS38.214)
……


Therefore, the information of MCS table co-scheduled UEs used will be informed to the target UE. Obviously, if the target UE doesn’t have the capability of modulation order blind detection, this dedicated RRC signalling about MCS table is useless even it is transmitted to the target UE. Hence for UEs not supporting modulation order blind detection, no need for the network to inform MCS table information to the UE.
Proposal 6: For UEs not supporting modulation order blind detection, no need for the network to inform MCS table information to the UE.
For UEs supporting modulation order blind detection, UEs are willing to get the MCS table information to assist the modulation order blind detection on the target UE. Hence, this RRC-based assistant signalling on MCS table should be aligned with the test case configuration, e.g. if only MCS table 1 (64QAM MCS table) is used for both target UE and co-scheduled-UEs, then this information should be 64QAM MCS table, no need to configure MCS table 2 (256QAM MCS table) as the RRC-based assistant signalling when MCS table 1 is configured.
Proposal 7: For UEs supporting modulation order blind detection, RRC-based assistant signalling on MCS table should be align with the MCS table configuration in the test.

For UE supporting MO BD, whether to introduce applicability rule to skip test(s) with modulation order indicated
In last meeting, some companies proposed to introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO, however, from the simulation results summary [2], the SINR difference @70% of maximum throughput between these two cases is more than 1dB. It seems it is hard to promise UEs could pass test case(s) with MO indicated, although it could passed test case(s) of BD MO. Therefore, we don’t prefer to introduce related applicability rule.
Proposal 8: For UE supporting MO BD, do not prefer to introduce applicability rule to skip test(s) with modulation order indicated.

Test applicability rule for different test cases
We prefer to introduce the applicability rule in Clause 5.1.1.3 as below.
Proposal 9: Introduce applicability rule in Clause 5.1.1.3 for UEs supporting MU-MIMO Interference Mitigation advanced receiver (R-ML) as below:
	UE feature/capability [14]
	Test type
	Test list
	Applicability notes

	MU-MIMO Interference Mitigation advanced receiver (R-ML),  when co-scheduled UE(s)’ modulation order is signaled
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.X
Clause 5.2.3.1.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-1 in Clause 5.2.2.1.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-1 in Clause 5.2.3.1.X should be passed.

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.X
Clause 5.2.3.2.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-1 in Clause 5.2.2.2.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-1 in Clause 5.2.3.2.X should be passed.

	MU-MIMO Interference Mitigation advanced receiver (R-ML) with modulation order detection, when co-scheduled UE(s)’ modulation order is not signaled
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.X
Clause 5.2.3.1.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-2 in Clause 5.2.2.1.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-2 in Clause 5.2.3.1.X should be passed.

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.X
Clause 5.2.3.2.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-2 in Clause 5.2.2.2.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-2 in Clause 5.2.3.2.X should be passed.



Conclusion
In this contribution, we provide analysis and views on remaining open issues for MU-MIMO test parameters, the proposals could be summarized as
Proposal 1: For Rank 1+1 with 2T2R, select Case#5: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE as the test assumptions.
Proposal 2: For Rank 1+1 with 2T4R, if test requirements are introduced, prefer to select Case#6: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE as the test assumptions.
Proposal 3: For Rank 2+2 with 4T4R, prefer to select Case#9 or Case#10 as the simulation assumptions.
· Case#9: Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
· Case#10: Orthogonal precoding, TDLA30-10, XP medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
Proposal 4: For test requirements with modulation order blind detection (DCI index 6 is indicated), prefer to select Case#31 and Case#32 for Rank 1+1 with 2T2R and 2T4R separately. And for Rank 2+2 with 4T4R scenario, prefer to select Case#34.
Proposal 5: Do not introduce test cases for UE not supporting BD-MO with R-ML with DCI index 6 is indicated.
Proposal 6: For UEs not supporting modulation order blind detection, no need for the network to inform MCS table information to the UE.
Proposal 7: For UEs supporting modulation order blind detection, RRC-based assistant signalling on MCS table should be align with the MCS table configuration in the test.
Proposal 8: For UE supporting MO BD, do not prefer to introduce applicability rule to skip test(s) with modulation order indicated.
Proposal 9: Introduce applicability rule in Clause 5.1.1.3 for UEs supporting MU-MIMO Interference Mitigation advanced receiver (R-ML) as below:
	UE feature/capability [14]
	Test type
	Test list
	Applicability notes

	MU-MIMO Interference Mitigation advanced receiver (R-ML),  when co-scheduled UE(s)’ modulation order is signaled
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.X
Clause 5.2.3.1.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-1 in Clause 5.2.2.1.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-1 in Clause 5.2.3.1.X should be passed.

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.X
Clause 5.2.3.2.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-1 in Clause 5.2.2.2.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-1 in Clause 5.2.3.2.X should be passed.

	MU-MIMO Interference Mitigation advanced receiver (R-ML) with modulation order detection, when co-scheduled UE(s)’ modulation order is not signaled
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.X
Clause 5.2.3.1.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-2 in Clause 5.2.2.1.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-2 in Clause 5.2.3.1.X should be passed.

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.X
Clause 5.2.3.2.X
	If UE only support R-ML receivers for MU-MIMO for 2 layers across target and co-scheduled UE with 2Rx, Test 1-2 in Clause 5.2.2.2.X should be passed.
If UE support R-ML receivers for MU-MIMO for maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX, Test 1-2 in Clause 5.2.3.2.X should be passed.
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