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Introduction
In this contribution, we provide our view on the R18 demod enhancement on MU-MIMO. 
Discussion
Advanced MU-MIMO Receiver Simulations and Requirement Recommendations
We have the following observations and proposals for general setup of MU-MIMO demod tests:
Observation 1: UE can always run R-ML algorithm (even with the support of blind modulation order detection) only when all the following conditions are satisfied:
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, the target UE assumes the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· The DMRS power boosting configurations of all the DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· The time domain resource assignment for PDSCH symbols of all the DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 256QAM or 64QAM MCS table
· In each individual PRB allocated to the target UE: only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist.
· All the co-scheduled UE are DMRS sequence aligned.
Proposal 1: The R-ML requirement is applicable only when all the conditions in the previous observation are satisfied and signaled to the DUT UE. We suggest to signal 256QAM MCS table for maximum MCS table of co-scheduled UEs in the test, which is a more practical case.
Based on our simulation results, we observed similar gains in the scenario with interfering modulation order given (DCI 1-5) and w/o interfering modulation order given (DCI 6). To show that the observations from our simulations are reasonable, we have the following analysis:
When R-ML receiver has better performance than LMMSE-IRC receiver, the modulated symbol on the interfering layers are correctly detected; otherwise interference cancellation may lead to worse performance. For detecting the symbols on a interfering layer, the number of hypotheses is 4, 16, 64, or 256; however, detecting modulation order has only 4 hypothesis. Therefore, despite a higher complexity due to the structure of composite hypothesis, the interfering signal power is likely sufficient for UE to detect the modulation order given that the detection of the interfering symbol succeeds when the modulation order is provided; on the other hand, when the interfering signal power is not sufficient to detect the interfering symbol, whether the modulation order detection is correct or not doesn’t not matter anymore since we anyway fails decoding due to interference in this case.
From theoretical analysis based on the number of hypotheses, modulation order detection is likely to be successful when the detection of the symbol is successful given the modulation order. Therefore, we expect the performance gain under DCI 6 similar to performance gain under DCI 1-5. This aligns with our simulation results in which we see up to 2dB gains under DCI 6 from R-ML w.r.t. LMMSE.
Proposal 2: Introduce 2+2 demod requirements for R-ML receiver when DCI 6 is signaled unless significant concerns are raised.
Applicability rules on similar tests verifying the same functions can reduce UE vendor testing and verification load but still ensure coverage of demod requirements. We can observe that tests with DCI 1-5 signaled focus on the interference cancellation when co-scheduled UE modulation order is known (by signaling), while tests with DCI 6 signaled verify both MO BD and interference cancellation when co-scheduled UE modulation order is known (by MO BD). However, based on the previous meeting discussions, DCI 1-5 (referring to as test A in the following) may not have the same test configuration in DCI 6 test (referring to as test B in the following). Then 
Observation 1:
For applicability rule discussion, we need to discuss the following questions:
· Do we expect a UE with MO BD support to pass the DCI 1-5 test after it passed DCI 6 test with the same configuration?
· Do we expect a UE to pass DCI 1-5 test with configurations in test B after it passed test A, and vice versa?
If the answers to both questions are yes, we can conclude that: we expect a UE with MO BD support to pass test A after it passed test B, and therefore applicability rule between test B and A is needed. However, if the answer to the second question is no, there is a test coverage difference between UEs with MO BD capability and without MO BD capability, and the coverage difference is not related to MO BD capability, i.e., 
· UE with MO BD capability: RAN4 verifies that it can pass test A (directly) and DCI 1-5 with configuration from test B (indirectly)
· UE without MO BD capability: RAN4 only verifies that it can pass test A, but don’t know whether it can pass DCI 1-5 with configuration from test B or not.
Therefore, RAN4 either introduces applicability rule, or introduces a test only for UEs without MO BD capability. 
We believe the answer to both questions are yes, and therefore we support introducing the applicability rule.
Proposal 3: When UE satisfies the requirement of the tests with DCI 6 is signaled, it can skip the corresponding tests with identical test configurations except MU-MIMO DCI signaling being 1 to 5.
Proposal 4: We support the following test configurations for DCI 6:
· 1+1 2 and 4Rx: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· 2+2: Orthogonal precoding, TDLA30-10, ULA Low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE
We support 2+2 test under DCI 6. However, if we don’t have 2+2 test under DCI 6, we only need one capability for UEs with MO BD to accommodate UEs supporting different number of layers for MO BD. Therefore, we propose to remove the number of layers description in the capability definition.
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 co-scheduled UE(s)’ modulation order is not signaled
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 co-scheduled UE(s)’ modulation order is not signaled
Then we have the following proposal:
Proposal 5: If RAN4 agrees to not define 2+2 test under DCI 6, we propose to unify the two sub-UE features into one by removing number of layer descriptions to align the definition in the following:
R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO when co-scheduled UE(s)’ modulation order is not signaled.
Conclusion
Proposal 1: The R-ML requirement is applicable only when all the conditions in the previous observation are satisfied and signaled to the DUT UE. We suggest to signal 256QAM MCS table for maximum MCS table of co-scheduled UEs in the test, which is a more practical case.
Proposal 2: Introduce 2+2 demod requirements for R-ML receiver when DCI 6 is signaled unless significant concerns are raised.
Observation 1:
Based on the previous meeting discussions, DCI 1-5 (referring to as test A in the following) may not have the same test configuration in DCI 6 test (referring to as test B in the following). For applicability rule discussion, we need to discuss the following questions:
· Do we expect a UE with MO BD support to pass the DCI 1-5 test after it passed DCI 6 test with the same configuration?
· Do we expect a UE to pass DCI 1-5 test with configurations in test B after it passed test A, and vice versa?
If the answers to both questions are yes, we can conclude that: we expect a UE with MO BD support to pass test A after it passed test B, and therefore applicability rule between test B and A is needed. However, if the answer to the second question is no, there is a test coverage difference between UEs with MO BD capability and without MO BD capability, and the coverage difference is not related to MO BD capability, i.e., 
· UE with MO BD capability: RAN4 verifies that it can pass test A (directly) and DCI 1-5 with configuration from test B (indirectly)
· UE without MO BD capability: RAN4 only verifies that it can pass test A, but don’t know whether it can pass DCI 1-5 with configuration from test B or not.
Therefore, RAN4 either introduces applicability rule, or introduces a test only for UEs without MO BD capability. 
Proposal 3: When UE satisfies the requirement of the tests with DCI 6 is signaled, it can skip the corresponding tests with identical test configurations except MU-MIMO DCI signaling being 1 to 5.
Proposal 4: We support the following test configurations for DCI 6:
· 1+1 2 and 4Rx: Orthogonal precoding, TDLC300-100, ULA medium, MCS 13 (Table 1) for Target UE, QPSK for co-UE. full FDRA for the co-UE
· 2+2: Orthogonal precoding, TDLA30-10, ULA Low, MCS 13 (Table 1) for Target UE, QPSK for co-UE, full FDRA for the co-UE

Proposal 5: If RAN4 agrees to not define 2+2 test under DCI 6, we propose to unify the two sub-UE features into one by removing number of layer descriptions to align the definition in the following:
R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO when co-scheduled UE(s)’ modulation order is not signaled.



