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1. Introduction
In RAN4 #110 meeting we discussed the Phase II test parameters for advanced receiver to cancel inter-user interference for MU-MIMO within the NR_demod_enh3-Perf WI. As an outcome the WF is approved in [1].
In this paper, our views on the phase II parameters for advanced receiver for MU-MIMO is given.
2. Discussion
Test requirements without modulation order blind detection (DCI index 1-5 is indicated)
	Status in the WF:
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:
· 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



For Rank 1+1 with 2T2R, from our simulation results in [2], we have observed enough performance gain for R-ML receiver over the baseline MMSE-IRC receiver, under random precoding. We would also like to point it out that for 2Tx tests with rank 1, there are totally only 4 candidate precoders for TE to use:
	Table 5.2.2.2.1-1: Codebooks for 1-layer and 2-layer CSI reporting using antenna ports 3000 to 3001
	Codebook index
	
Number of layers 

	
	1
	2

	0
	

	


	1
	

	


	2
	

	-

	3
	

	-






By using orthogonal precoding, the candidate precoder is so limited that makes the test setup closer to a fixed PMI configuration. Moreover, with only 2Tx and 4 candidate precoders, we think it is a strict restriction to require NW in reality to only schedule orthogonal precoding for the target and co-scheduled UEs.
Considering the above, we propose to consider the following case for Rank 1+1 with 2T2R test requirement without modulation order blind detection:
· Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
Proposal 1: Consider the following case for Rank 1+1 with 2T2R test requirement without modulation order blind detection:
· Random 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, we observe reasonable performance gain over baseline MMSE-IRC for the following cases:
· Orthogonal precoding, TDLA30-10, ULA Low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE (2.2dB gain)
· Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE (3.3dB gain)
· Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE (1.0dB gain)
For the purpose of covering both QPSK and 16QAM for the co-scheduled UE, it is more preferable from our side to consider the following case for R-ML rest requirements for Rank 2+2 with 4T4R:
· Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE
Proposal 2: Consider the following case for Rank 2+2 with 4T4R test requirement without modulation order blind detection:
· Orthogonal precoding, TDLA30-10, ULA Low, 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)
	Status in the WF:
· 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



For test requirements with modulation order blind detection, by comparing the performance gain over baseline MMSE-IRC, for rank 1+1 with 2T2R, reasonable performance gain can be observed for all candidate cases. As expressed above, we support to use random precoding for 2T2R test cases. Also there are some cases with high SNR requirement value for R-ML. Therefore the following cases can be considered as candidates. Given that all the existing candidate cases for rank 2+2 are MCS13 for the target UE and QPSK for the co-scheduled UE, we prefer to consider the following case for rank 1+1 with 2T2R:
· Case#27: Random precoding, TDLC300-100, ULA low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
For 2T4R with rank 1+1, it is proposed to follow the same test scope for requirements without modulation order blind detection.
For 4T4R with rank 2+2, enough performance gain have been observed for both Case#31 and Case#32, and we slightly prefer Case#32 since larger performance gain is observed.
Proposal 3: Consider the following case for Rank 1+1 with 2T2R test requirement with modulation order blind detection:
· Case#27: Random precoding, TDLC300-100, ULA low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
Proposal 4: 2T4R with rank 1+1, follow the same test scope for requirements without modulation order blind detection.
Proposal 5: Consider the following case for Rank 2+2 with 4T4R test requirement with modulation order blind detection:
· Case#32: Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE

Whether to tests UE not support BD-MO with R-ML with DCI index 6 is indicated
	Status in the WF:
· 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



For now, it is not clear whether the UE not support BD-MO with R-ML will perform any advanced receiving other than the baseline MMSE-IRC with DCI index 6 is indicated. Therefore, we propose not introduce such test for UE not support BD-MO with R-ML
Proposal 6: Do not introduce such test for UE not support BD-MO with R-ML.

MCS Table
	Status in the WF in [1]
· 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



As for the RRC assistant information configuration on the MCS table, for the cases without modulation order blind detection, on the one hand, there is no benefits or necessity for the network to inform such information to the UE. On the other hand, we have already agreed that UE modulation order blind detection capability is optional without capability signaling thus the NW is highly likely to message this RRC signaling for all UEs in practical.
Observation 1: RAN4 has already agreed that UE modulation order blind detection capability is optional without capability signaling thus the NW is highly likely to message this RRC signaling for all UEs supporting R-ML receiver in practical.
Considering the above, it could be fine from our perspective to configure this RRC signaling to the UE regardless whether it supports MO BD.
For the detailed configuration, since DL 256QAM is mandatory for UE to support in FR1, we see the necessity to test the UE modulation order blind detection process without excluding 256QAM as a candidate. Therefore, we propose the RRC configuration on MCS Table should be ‘256QAM MCS Table’. 
Proposal 7: For the RRC assistant information configuration on the MCS table, the RRC configuration on MCS Table should be ‘256QAM MCS Table’ for both tests with and without modulation order blind detection.

For UE supporting MO BD, whether to introduce applicability rule to skip test(s) with modulation order indicated
	Status in the WF in [1]
· 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



Based on our simulation results in [2], under the same simulation assumption, similar SNR value is observed for cases with and without modulation order blind detection, such as Case#1 and Case#19, Case#3 and Case#22. Therefore, in our understanding, the both modulation order blind detection as well as R-ML processing performance can be verified, if UE has already passed the case with MO BD. Considering the above, we propose to introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO
Proposal 8: Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO.

Detailed test applicability rule for different test cases
[bookmark: _Hlk163055018]For the detailed test applicability rule for different cases, based on the latest agreement we made for UE capability design, the following test applicability rule is proposed:
	UE type
	Test applicability
	Note

	R-ML for up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 2 RX when co-scheduled UE(s)’ modulation order is signaled
	Test 1-1
	

	R-ML for up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4 RX when co-scheduled UE(s)’ modulation order is signaled
	[Test 2-1]
Test 3-1
	

	R-ML [for 2 layers across target and co-scheduled UEs with 2RX] with MO Not signaled
R-ML [for maxNumberMIMO-LayersPDSCH 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



3. Conclusion
Proposal 1: Consider the following case for Rank 1+1 with 2T2R test requirement without modulation order blind detection:
· Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
Proposal 2: Consider the following case for Rank 2+2 with 4T4R test requirement without modulation order blind detection:
· Orthogonal precoding, TDLA30-10, ULA Low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE. full FDRA for the co-UE
Proposal 3: Consider the following case for Rank 1+1 with 2T2R test requirement with modulation order blind detection:
· Case#27: Random precoding, TDLC300-100, ULA low, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
Proposal 4: 2T4R with rank 1+1, follow the same test scope for requirements without modulation order blind detection.
Proposal 5: Consider the following case for Rank 2+2 with 4T4R test requirement with modulation order blind detection:
· Case#32: Orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
Proposal 6: Do not introduce such test for UE not support BD-MO with R-ML.
Observation 1: RAN4 has already agreed that UE modulation order blind detection capability is optional without capability signaling thus the NW is highly likely to message this RRC signaling for all UEs supporting R-ML receiver in practical.
Proposal 7: For the RRC assistant information configuration on the MCS table, the RRC configuration on MCS Table should be ‘256QAM MCS Table’ for both tests with and without modulation order blind detection.
Proposal 8: Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO.
Proposal 9: The following detailed test applicability rule is proposed:
	UE type
	Test applicability
	Note

	R-ML for up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 2 RX when co-scheduled UE(s)’ modulation order is signaled
	Test 1-1
	

	R-ML for up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4 RX when co-scheduled UE(s)’ modulation order is signaled
	[Test 2-1]
Test 3-1
	

	R-ML [for 2 layers across target and co-scheduled UEs with 2RX] with MO Not signaled
R-ML [for maxNumberMIMO-LayersPDSCH 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
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