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Introduction
In this contribution, we provide our view on the R18 demod enhancement on MU-MIMO. 
Discussion
[bookmark: _Hlk78385107]Implementation feasibility of R-ML receiver for MU-MIMO and network assistant signaling
The necessary information to enable R-ML receiver is discussed in the previous meeting. Considering the overhead, we believe the MCS index table via RRC signaling is a beneficial signaling which can reduce the search space for modulation order detection with a very low overhead.
Proposal 1: Introduce the RRC based signaling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs.
For co-scheduled UEs in different CDM groups, detecting their existence and modulation orders becomes prohibitively expensive when the PRG allocation misalignment across different CDM groups. We have the following observation:
Observation 1: When PRG allocation is aligned across different CDM groups, the complexity of co-scheduled UE detection and the modulation order detection is reduced by at least x times, x is the PRG size.
Therefore, to enable R-ML receiver in the real deployment, we have the following proposal:
Proposal 2: Introduce the signaling to inform UE whether the PRG allocation is aligned across the co-scheduled UEs in different CDM groups. The signaling format depends on how static this information is in the real deployment.
We also consider DMRS power boosting for the co-scheduled UE is a necessary information, and therefore we have the following proposal:
Proposal 3: Introduce the signaling to inform UE numbers of CDM groups without data of the co-scheduled UEs, or at least inform UE whether numbers of CDM groups without data are aligned across all co-scheduled UEs.
PDSCH allocation alignment across co-scheduled UEs has a significant impact on the R-ML receiver: 
Observation 2: The co-scheduled UE detection can’t be performed in a per-symbol basis due to the availability of DMRS and complexity constraints, and therefore, the interference in R-ML receiver applied uniformly to all the PDSCH symbols. When the interference presence is not uniform in a slot, R-ML receiver tries to cancel a non-existent interference, and end up introduce additional noise to fail the decoding of the symbol.
Therefore, we have the following proposal:
Proposal 4: Introduce the following network assistant signaling to enable the correct interference cancellation when implementing R-ML receiver:
· Whether all the serving PDSCH symbols are interfered by the same set of co-scheduled UEs, if not which serving PDSCH symbols are interfered by the same set of co-scheduled UEs
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
· Whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs
Regarding the modulation order, in the previous meeting, many network vendors and operators mentioned the flexibility of scheduling more than one co-scheduled UEs (besides target UE) or having different modulation orders on multiple co-scheduled UEs is inevitable and may happen frequently. In our opinion, aligned modulation order on the (interfering) co-scheduled UE is beneficial to UE, but if this is not a common case that can be ensure by network vendors and operators, we need to discuss how beneficial is the signaling.
Proposal 5: The alignment of modulation order across all the (interfering) co-scheduled UEs is an important information for R-ML receiver, and RAN4 can study how beneficial it is to introduce the signaling to inform UE whether the modulation orders are aligned.
For the existence of co-scheduled UEs, we have the following proposal:
Proposal 6: Informing UE whether the co-scheduled UE exists across the entire bandwidth is critical for UE to decide whether to enable R-ML or use legacy receiver. However, the existence of co-scheduled UEs on each port and RE signaling requires huge overhead and may not be practical.  
Proposal 7: Network should ensure that DMRS sequence and seed are aligned across co-scheduled UEs.
Analysis for comparison between E-LMMSE-IRC receiver and LMMSE-IRC receiver
Consider the MU-MIMO system model:

The LMMSE-IRC receiver (baseline) detect signal  by first estimating the noise including interfering signal and the Gaussian noise:


Assume the signal vectors across different UEs are independent, then when we average over signal vector realizations,

Where , i.e., the average power of transmission to UE j.
Assume the signal vectors of all UEs are independent with noise, then when we average over signal vector and noise realizations 

Therefore, by averaging over signal vector and noise realizations, we have (use ~ to denote the averaging)


The receiver weight matrix is

Where  is from the formulation agreed in the previous meeting.
Therefore, we conclude:
Observation 3: LMMSE-IRC and E-LMMSE-IRC are statistically equivalent and can be proved mathematically. Given that the channel estimation is done across multiple REs and the simulations are ran in a long enough duration to have converged throughput, we expect the E-LMMSE-IRC receiver to have exactly the same performance as LMMSE-IRC.
Proposal 8: Do not consider additional requirement for E-LMMSE-IRC receiver.
Advanced MU-MIMO Receiver Simulations and Requirement Recommendations
Proposal 9: When defining the requirement, the precoding matrices across co-scheduled UEs should be orthogonal given that it is a simple enhancement from the network to achieve a better performance in MU-MIMO scenarios.
Proposal 10: Based on our results, MCS 13 2+2 in TDL-A channel with 16QAM interference is a good representative scenario to verify performance gain by R-ML receiver.
Conclusion
Proposal 1: Introduce the RRC based signaling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs.
Observation 1: When PRG allocation is aligned across different CDM groups, the complexity of co-scheduled UE detection and the modulation order detection is reduced by at least x times, x is the PRG size.
Proposal 2: Introduce the signaling to inform UE whether the PRG allocation is aligned across the co-scheduled UEs in different CDM groups. The signaling format depends on how static this information is in the real deployment.
Proposal 3: Introduce the signaling to inform UE numbers of CDM groups without data of the co-scheduled UEs, or at least inform UE whether numbers of CDM groups without data are aligned across all co-scheduled UEs.
Observation 2: The co-scheduled UE detection can’t be performed in a per-symbol basis due to the availability of DMRS and complexity constraints, and therefore, the interference in R-ML receiver applied uniformly to all the PDSCH symbols. When the interference presence is not uniform in a slot, R-ML receiver tries to cancel a non-existent interference, and end up introduce additional noise to fail the decoding of the symbol.
Proposal 4: Introduce the following network assistant signaling to enable the correct interference cancellation when implementing R-ML receiver:
· Whether all the serving PDSCH symbols are interfered by the same set of co-scheduled UEs, if not which serving PDSCH symbols are interfered by the same set of co-scheduled UEs
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
· Whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs
Proposal 5: The alignment of modulation order across all the (interfering) co-scheduled UEs is an important information for R-ML receiver, and RAN4 can study how beneficial it is to introduce the signaling to inform UE whether the modulation orders are aligned.
Proposal 6: Informing UE whether the co-scheduled UE exists across the entire bandwidth is critical for UE to decide whether to enable R-ML or use legacy receiver. However, the existence of co-scheduled UEs on each port and RE signaling requires huge overhead and may not be practical.  
Proposal 7: Network should ensure that DMRS sequence and seed are aligned across co-scheduled UEs.
Observation 3: LMMSE-IRC and E-LMMSE-IRC are statistically equivalent and can be proved mathematically. Given that the channel estimation is done across multiple REs and the simulations are ran in a long enough duration to have converged throughput, we expect the E-LMMSE-IRC receiver to have exactly the same performance as LMMSE-IRC.
Proposal 8: Do not consider additional requirement for E-LMMSE-IRC receiver.
Proposal 9: When defining the requirement, the precoding matrices across co-scheduled UEs should be orthogonal given that it is a simple enhancement from the network to achieve a better performance in MU-MIMO scenarios.
Proposal 10: Based on our results, MCS 13 2+2 in TDL-A channel with 16QAM interference is a good representative scenario to verify performance gain by R-ML receiver.
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