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1 Introduction
In RAN#103, the status report of Rel-18 WI of NR demodulation performance evolution, the work objective for advanced receiver to cancel inter-user interference for MU-MIMO is defined [1].  The work objective is to evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO. This work is split into two phases where the first phase studies the performance gain, reference receiver assumption, interference modelling, testability, required signalling overhead, as well as impact on other WGs. The initial receiver candidates are E-MMSE-IRC and R-ML. In the second phase it is expected to specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver.

2 Discussion
2.1 Background
[bookmark: _Hlk95316233]New test cases of PDSCH with intra-cell inter-user interference were introduced in Rel-17 test specification [2]. These requirements were defined assuming MMSE-IRC receiver to mitigate co-scheduled UE interference. For Rel-18 the work objective is to evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO for improved performance over Rel-17 baseline. In the previous meeting some agreements were already achieved to initiate the study phase simulations. In the following Chapter 2.2 we will discuss test parameters of actual tests. Finally, in the Chapter 2.3 we will discuss test applicability and UE capability issues.
2.2 Test parameters
In this chapter we will discuss remaining open issues related to test parameters.
We have following observations of Rank 1+1 and 2+2 tests with known modulation order based on our simulations results [4].
Observation #1: All Rank 1+1 tests have enough gains over baseline receiver and SNR is at reasonable level. Tests are sufficient in our view.
Observation #2: All Rank 2+2 tests have only negligible gains over baseline receiver and SNR is at reasonable level. Test usefulness is questionable but 4Rx UE is properly tested in 2T4R test.
Proposal #1: Agreed tests with known modulation order are feasible tests and shall be implemented.



Test setting for when UE is not indicated Modulation order (DCI index 6 is indicated)
· For Rank 1+1 with 2T2R, down-select among the following cases:
· Case 11: Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case 926: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE
· Case 720: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE (as priority for requirement definition)
· Companies are encouraged to bring simulation results for all cases above
· For Rank 1+1 with 2T4R, if introduced, down-select among the following test cases:
· Case 12: Orthogonal precoding, TDLC300-100, ULA low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Case 1029: Orthogonal precoding, TDLC300-100, ULA medium, MCS 17 (Table 1) for Target UE, 16QAM for co-UE, full FDRA for the co-UE 
· Case 823: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· Companies are encouraged to bring simulation results for all cases above

We have following observations for Rank 1+1 with MOBD based on our simulations results [4].
Observation #3: All Rank1+1 tests with MOBD (7, 8, 15, 16) matching agreed known modulation order tests (1, 2, 4, 5) have enough gains over baseline receiver and SNR is at reasonable level. Tests are sufficient in our view.
Observation #4: Rank1+1 tests with MOBD using low antenna correlation with 4 receiver antennas have limited gains over baseline receiver compared to other options.
As all Rank1+1 tests matching agreed known modulation order tests are sufficient in our view, we propose to reuse those for straightforward test implementation.
Proposal #2: For FDD Rank 1+1 2T2R with MOBD, we support Case 7, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.
Proposal #3: For FDD Rank 1+1 2T4R with MOBD, we support Case 8, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.
Proposal #4: For TDD Rank 1+1 2T2R with MOBD, we support Case 15, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.
Proposal #5: For TDD Rank 1+1 2T4R with MOBD, we support Case 16, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.

Test setting for when UE is not indicated Modulation order (DCI index 6 is indicated)
· For Rank 2+2 with 4T4R:
· Option 1: Introduce rank 2+2 4T4R requirements with modulation order blind detection
· Option 1A (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
· Option 1B (Case 31): Orthogonal precoding, TDLA30-10, ULA Low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
· Option 2: Do not introduce rank 2+2 4T4R requirements with modulation order blind detection

We have following observations for Rank 2+2 with MOBD based on our simulations results [4].
Observation #5: All Rank 2+2 tests with MOBD have only negligible gains over baseline receiver and SNR is at reasonable level. Test usefulness is questionable but 4Rx UE can be properly tested in 2T4R test.
For Rank 2+2 tests with 4T4R we see that when having TDLA30-10 channel combined with ULA low antenna correlation and orthogonal precoding we likely don’t have enough of inter-layer interference in system to show benefits of advanced receiver. To maximize advanced receiver gains over legacy receiver we suggest using QPSK modulation for co-scheduled UE and XP medium correlation. Therefore, we see that orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1) is reasonable test for advanced receiver.
Proposal #6: For FDD Rank 2+2 4T4R with MOBD, we support Case 14, orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1), or MCS17, for Target UE, QPSK for co-UE.
Proposal #7: For TDD Rank 2+2 4T4R with MOBD, we support Case 22, orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1), or MCS17, for Target UE, QPSK for co-UE.


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: Signalled regardless of whether the UE supports MO BD
· Option 2A: 256QAM MCS Table
· Option 2B: 64QAM MCS table

We see that in tests without modulation order blind detection, signalling of MCS table information of co-scheduled UEs is not needed, but if it would be simpler and more consistent for network to always signal information, we are fine with the signalling.
Proposal #8: We support Option 2 to signal MCS table in tests without modulation order blind detection.

2.3 Test applicability and UE capabilities
In this chapter we will discuss test applicability and UE capability issues.

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
· Proposals:
· 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

As discussed in the previous chapter, there are limited gains in Rank 2+2 with 4T4R tests compared to legacy receiver. Therefore, we suggest testing both Rank 1+1 2T4R and Rank 2+2 4T4R for 4R UEs. Also, we see that it would be beneficial to test UEs with MOBD capability with known MO information to check UE correct behaviour and performance with known modulation order information.
Proposal #9: We propose testing both Rank 1+1 2T4R and Rank 2+2 4T4R for 4R UEs.
Proposal #10: We propose to test MOBD capable UEs also with known MO.

UE capability definition
· Update the ‘Components’ column as below:
· For 36-1:
· R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression, for MU-MIMO up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 2 RX and 4RX antennas, when co-scheduled UE(s)’ modulation order is explicitly signalled by DCI index 1-5 in Table 7.3.1.2.2-12 of TS38.212.
· For 36-2a:
· R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO [for 2 layers across target and co-scheduled UEs with 2RX and 4RX] when DCI index 6 or 7 in Table 7.3.1.2.2-12 of TS38.212 is signalled.
· For 36-2b:
· R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO [for 2 layers across target and co-scheduled UEs with 2RX and maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX] when DCI index 6 in Table 7.3.1.2.2-12 of TS38.212 is signalled.
· [bookmark: _Hlk159437914]Proposals on 36-2a and 36-2b:
· Proposal 1: Combine 36-2a and 36-2b and remove number of layer descriptions if RAN4 agrees to not define 2+2 test under DCI 6
· Proposal 2: Remove FG 36-2b and keep 36-2a from UE feature list

We see that 36-2a and 36-2b can be combined and number of layer descriptions can be removed if RAN4 agrees to not define 2+2 test under DCI 6.
Proposal #11: We support Option 1 to combine 36-2a and 36-2b and remove number of layer descriptions if RAN4 agrees to not define 2+2 test under DCI 6.



3 Conclusion
In this paper we provided the view on the advanced receiver to cancel inter-user interference for MU-MIMO. The following observations and proposals are made:
Observation #1: All Rank 1+1 tests have enough gains over baseline receiver and SNR is at reasonable level. Tests are sufficient in our view.
Observation #2: All Rank 2+2 tests have only negligible gains over baseline receiver and SNR is at reasonable level. Test usefulness is questionable but 4Rx UE is properly tested in 2T4R test.
Proposal #1: Agreed tests with known modulation order are feasible tests and shall be implemented.
Observation #3: All Rank1+1 tests with MOBD (7, 8, 15, 16) matching agreed known modulation order tests (1, 2, 4, 5) have enough gains over baseline receiver and SNR is at reasonable level. Tests are sufficient in our view.
Observation #4: Rank1+1 tests with MOBD using low antenna correlation with 4 receiver antennas have limited gains over baseline receiver compared to other options.
Proposal #2: For FDD Rank 1+1 2T2R with MOBD, we support Case 7, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.
Proposal #3: For FDD Rank 1+1 2T4R with MOBD, we support Case 8, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.
Proposal #4: For TDD Rank 1+1 2T2R with MOBD, we support Case 15, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.
Proposal #5: For TDD Rank 1+1 2T4R with MOBD, we support Case 16, orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE.
Observation #5: All Rank 2+2 tests with MOBD have only negligible gains over baseline receiver and SNR is at reasonable level. Test usefulness is questionable but 4Rx UE can be properly tested in 2T4R test.
Proposal #6: For FDD Rank 2+2 4T4R with MOBD, we support Case 14, orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1), or MCS17, for Target UE, QPSK for co-UE.
Proposal #7: For TDD Rank 2+2 4T4R with MOBD, we support Case 22, orthogonal precoding, TDLA30-10, XP medium, MCS 13 (Table 1), or MCS17, for Target UE, QPSK for co-UE.
Proposal #8: We support Option 2 to signal MCS table in tests without modulation order blind detection.
Proposal #9: We propose testing both Rank 1+1 2T4R and Rank 2+2 4T4R for 4R UEs.
Proposal #10: We propose to test MOBD capable UEs also with known MO.
Proposal #11: We support Option 1 to combine 36-2a and 36-2b and remove number of layer descriptions if RAN4 agrees to not define 2+2 test under DCI 6.
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