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Introduction
In RAN4#110 the following main agreements were made on the topic of MU-MIMO Advanced Receivers:

	<Topic #2: Test parameters and simulation results >
Sub-topic 2-1 Test parameters
Test requirements without modulation order blind detection (DCI index 1-5 is indicated)
· 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
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




In the following we will provide Nokia’s view on the remaining open issues as well as make observations and proposals where needed.

Discussion
In [2] we have provided our simulation results on the requested cases which are based on the agreements made for the relevant parameters. We further discuss the open points based on our results.
Test requirements without modulation order blind detection (DCI index 1-5 is indicated)
In RAN4 #110 [1] following options were presented for the different cases without modulation order blind detection.
	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
· 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





From the Rank 1+1 results captured for both FDD and TDD in [2] it is seen that using orthogonal precoding for co-UE gives marginal gain (< 1dB) as compared to using random precoder with R-ML receiver. This can be seen by comparing cases 1,2 and cases 10,11 for 2T2R configuration. While comparing cases 3,4 and cases 12,13 gives similar observation for 2T4R configuration
Using orthogonal precoder or co-UE gives < 1dB gain as compared to using random precoder with R‑ML receiver for rank 1+1 cases 2T2R and 2T4R antenna configurations.
Considering the complex interaction of orthogonal precoder selection with the statistics of result collection and the negligible performance difference we propose to use random precoding.
Define Rank 1+1 with 2T2R using following parameters (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.
Last meeting (RAN4#110) it was agreed to not define test with rank1+1 with 2T4R antenna configuration if test with rank2+2 with 4T4R is defined.
If requirements are introduced for rank 1+1 with 2T4R then define using following parameters (case 3): Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE.

We would like to define rank2+2 test requirements with 16QAM since it is a typical configuration in deployment and it exercises the reduced complexity part of R-ML significantly, unlike the other cases where R-ML is very close to ML.
Results captured in [2] with both XP medium case and ULA low show 1.5dB to 2dB gain of R-ML over MMSE-IRC/E-IRC both of which perform almost equal. Also, the SNR operating point for these cases is within feasibility range. But we can compromise to ULA low if this is a problem.
16QAM is a typical MO in deployment and it exercise the reduced complexity part of R-ML in rank 2+2 cases.
R-ML receiver shows 1.5 to 2dB gain over E-IRC/MMSE-IRC and feasible SNR (<20dB) for rank 2+2 cases with 16QAM scheduled for co-UE.
Define Rank 2+2 tests with 16 QAM scheduled for co-UE using either ULA low or XP medium antenna configurations (cases 7, 8 in latest simulation results template)
Test requirements with modulation order blind detection (DCI index 6 is indicated)
For rank1+1 tests our results captured in [2] show negligible (<0.5 dB) up to <1.5 dB performance difference between cases with and without blind detection of MO. However, the cases being considered for UEs without MO BD are still within testable SNR range for UEs with BD MO.
Requirement definition for rank 1+1 test cases with 2T2R and 2T4R being considered for UEs without MO BD are feasible also with MO BD
Define rank 1+1 testcases with MO BD to be the same as without MO BD but with signalling of DCI index 6.
For rank2+2 tests without MO BD it has been agreed to drop tests with 16QAM scheduled for co-UE because these tests give marginal gain over MMSE-IRC receiver. Thus rank2+2 tests for UEs with MO BD shall be defined using QPSK for co-scheduled UE. We support defining this based on XP medium antenna correlation because this gives a higher but feasible SNR as compared to using ULA low antenna correlation.
Define rank 2+2 test case with MO BD using MCS13 for target UE and QPSK for co-UE and using XP medium antenna correlation (Case 32)

Whether to tests UE not supporting BD-MO with R-ML with DCI index 6 is indicated
	
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



Our results captured in [2] show that with low antenna correlation there is no difference in performance of MMSE-IRC and E-IRC receivers when DCI index 6 is indicated. In addition, with medium correlation the required SNR for E-IRC is above 20 dB, which makes it quite difficult to define a testcase.
E-IRC receiver has no or marginal gain over Rel 17 MMSE-IRC receiver when antenna correlation is low.
E-IRC receiver requires over 20 dB SNR in medium antenna correlation to achieve 70% throughput.
Not to define E-IRC receiver based testcases for UEs not supporting BD-MO when DCI index 6 is signalled.

MCS Table
In RAN4#110 it was discussed if the MCS table information (RRC assistant information) should be provided to the UE under test (see [1]):
	
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



UEs not capable of MO BD are expected to use R-ML receiver only when they are signalled the exact MO of co-UEs using DCI value 1 to 5. In case of DCI value 6, the UEs are not expected to use R-ML. Hence, we see no benefit in providing assistant RRC information regarding MCS table of co-UEs to such UEs.
Observation 1: UEs not supporting MO BD are not expected to use R-ML receiver when DCI value 6 is signalled to them.
Do not introduce RRC assistant information regarding MCS table of co-UEs to UEs not supporting MO BD (option 1).
For UEs supporting modulation order blind detection, as it is expected that UEs can detect modulation order up to 256 QAM we find it beneficial to define test based on signaling of ‘256QAM MCS table’ for co-UE.
Introduce RRC assistant information signalling of ‘256 QAM MCS table’ for co-UEs to UEs supporting MO BD (option 1).

For UE supporting MO BD, whether to introduce applicability rule
	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 



We believe UEs supporting BD MO should be capable of passing all tests meant for a UE without BD MO support. Hence it is fine to make applicability rule to skip tests with MO indicated if there is insignificant (<0.5 dB) difference between requirement with and without MO signaling.
Observation 2: UEs capable of BD MO should be capable of passing all tests meant for UEs without BD MO support.
Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO in cases where there is insignificant difference (< 0.5 dB) between DCI 1 to 5 requirements and DCI 6 requirements with same configuration of target and co-UEs.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]We have presented Nokia's view on the open issues with relation to the general aspects for MU-MIMO Advanced Receivers performance.

We have the following observations and proposals:
Test requirements without modulation order blind detection (DCI index 1-5 is indicated)
1. Using orthogonal precoder or co-UE gives < 1dB gain as compared to using random precoder with R‑ML receiver for rank 1+1 cases 2T2R and 2T4R antenna configurations.
1. Define Rank 1+1 with 2T2R using following parameters (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.
Last meeting (RAN4#110) it was agreed to not define test with rank1+1 with 2T4R antenna configuration if test with rank2+2 with 4T4R is defined.
If requirements are introduced for rank 1+1 with 2T4R then define using following parameters (case 3): Random precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE.

16QAM is a typical MO in deployment and it exercise the reduced complexity part of R-ML in rank 2+2 cases.
R-ML receiver shows 1.5 to 2dB gain over E-IRC/MMSE-IRC and feasible SNR (<20dB) for rank 2+2 cases with 16QAM scheduled for co-UE.
Define Rank 2+2 tests with 16 QAM scheduled for co-UE using either ULA low or XP medium antenna configurations (cases 7, 8 in latest simulation results template)

Test requirements with modulation order blind detection (DCI index 6 is indicated)
Requirement definition for rank 1+1 test cases with 2T2R and 2T4R being considered for UEs without MO BD are feasible also with MO BD
Define rank 1+1 testcases with MO BD to be the same as without MO BD but with signalling of DCI index 6.
Define rank 2+2 test case with MO BD using MCS13 for target UE and QPSK for co-UE and using XP medium antenna correlation (Case 32)

Whether to tests UE not supporting BD-MO with R-ML with DCI index 6 is indicated
E-IRC receiver has no or marginal gain over Rel 17 MMSE-IRC receiver when antenna correlation is low.
E-IRC receiver requires over 20 dB SNR in medium antenna correlation to achieve 70% throughput.
Not to define E-IRC receiver based testcases for UEs not supporting BD-MO when DCI index 6 is signalled.

MCS Table
Observation 4: UEs not supporting MO BD are not expected to use R-ML receiver when DCI value 6 is signalled to them.
Do not introduce RRC assistant information regarding MCS table of co-UEs to UEs not supporting MO BD (option 1).
Introduce RRC assistant information signalling of ‘256 QAM MCS table’ for co-UEs to UEs supporting MO BD (option 1).

For UE supporting MO BD, whether to introduce applicability rule
Observation 5: UEs capable of BD MO should be capable of passing all tests meant for UEs without BD MO support.
Introduce applicability rule to skip tests with modulation order indicated for UEs capable of BD MO in cases where there is insignificant difference (< 0.5 dB) between DCI 1 to 5 requirements and DCI 6 requirements with same configuration of target and co-UEs.
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