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Introduction
In this contribution, we provide our view on the R18 demod enhancement on MU-MIMO. 
Discussion
[bookmark: _Hlk78385107]Network assistant signaling
Observation 1: The previous agreement on PRG boundary alignment has to be clarified for the following aspects:
Whether the resource allocation and precoding of all the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with the target UE when PRG=2 or 4.
· The sentence implies that precoding has to be aligned, but it is ambiguous that whether the boundary of precoding has to be aligned, or the precoding matrixes of target UE and co-scheduled UE(s) has to be aligned.
· The “aligned with the target UE when PRG=2 or 4” is ambiguous on whether the alignment is for PRG or the whole allocation for the target UE.
· The resource allocation alignment may imply different layers on the same target UE PRG have to be allocated to the same co-scheduled UE, which should be reflected by DCI signaling instead of RRC signaling.
We can refer to RAN1 spec language:
The UE does not expect the precoding of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be different in the PRG-level grid configured to this UE with PRG =2 or 4.
The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4.
Proposal 1: Revise the previous agreement on PRG boundary alignment as follows to clarify the alignment:
· For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, whether its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
With the above clarification, we have the following proposal:
Proposal 2: Based on the agreement in the previous meeting, we propose the following text for LS to RAN2 explaining the RAN4 agreed RRC signaling:
The information in each of the bullets is signaled separately in a dedicated RRC based signaling parameters.
· For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, whether its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· Whether the DMRS power boosting configurations of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Whether the time domain resource assignment for PDSCH symbols of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the potential DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 
· 1024QAM MCS table, or 
· 256QAM or 64QAM MCS table
In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895,  is configured by RRC signalling.
Note that DMRS sequence aligned co-scheduled UE(s) refers to the co-scheduled UE(s) which has same DMRS sequence as the target UE.
A draft of LS description is included in Appendix.
We discuss the DCI signaling agreed in the previous meeting in the following.
Proposal 3: We observe the following issues in the agreed DCI signaling and propose the resolution below:
· We already agree that PRG alignment is a common case and is a necessary condition for R-ML receivers. Therefore, we propose to revise PRB in index 1-6 to PRG.
· In index 6, we specified that the constraint applies “when co-scheduled UEs exists”. However, it is not specified that whether indexes 1-5 include the case that co-scheduled UE doesn’t exist on some of the PRGs allocated to the target UE. Since indexes 1-5 target the target UEs without detection capability, we may consider aligned PRG allocation between target and co-scheduled UEs. We propose the following wording change for clarification:
All the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, scheduled with QPSK transmission.
We also have the following observations that leading to serious concerns for implementation of the agreed DCI signaling and advanced receiver MU algorithms.
Observation 2: We observe the following issue that prevent UE vendors from implementing blind modulation order detection because it leads to a worse performance then UEs without blind modulation order support
· When there are UEs with and without the capability of blind modulation order detection served by the same network, the network MU-MIMO scheduling scheme may unintentionally punish the blind modulation order detection capable UE by 
· allocating the resources with aligned modulation order to the UEs without blind modulation capability and signaling the interfering modulation order
· while allocating the resources with misaligned modulation order to UEs with blind modulation detection capability and without signaling the interfering modulation order directly. 
· Then the UE with blind modulation order detection capability may have worse performance and throughput than the UE without blind detection due to possible miss detection of modulation order. 
· This may lead to so called “Bad money drives out good” scenario that disincentivizes UE vendors to implement blind modulation order detection since it leads to a worse performance instead of better, and we end up with no UE supporting blind modulation order detection.
· Less or no UEs with blind modulation order detection makes the MU-MIMO scheduling on the network side more complicated with more constraints, and may degrade the system performance and MU-MIMO gain when network can’t optimize the scheduling due to limitation on modulation order matching. 
We provide an example below to show the disadvantage of blind modulation order detection UEs:
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Proposal 5: We propose two alternatives for MU-MIMO DCI signaling
· Option 1: 1 bit signaling without modulation order information
	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	1
	Others



· Option 2: two bits signaling in which all the cases require blind modulation order detection but with different levels of complexity, and also fix the PRG granularity issue.
	Bit field mapped to index
	Content

	00
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	01
	In all the PRGs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have the same modulation order.

	10
	In each individual PRG allocated to the target UE, the following condition is satisfied:
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

	11
	Others



Advanced MU-MIMO Receiver Simulations and Requirement Recommendations
Observation 3: 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 a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, its precoding and resource allocation 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 5: The R-ML requirement is applicable only when all the conditions in the previous observation are satisfied and signaled to the DUT UE.
Proposal 6: 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 7: 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
Observation 1: The previous agreement on PRG boundary alignment has to be clarified for the following aspects:
Whether the resource allocation and precoding of all the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with the target UE when PRG=2 or 4.
· The sentence implies that precoding has to be aligned, but it is ambiguous that whether the boundary of precoding has to be aligned, or the precoding matrixes of target UE and co-scheduled UE(s) has to be aligned.
· The “aligned with the target UE when PRG=2 or 4” is ambiguous on whether the alignment is for PRG or the whole allocation for the target UE.
· The resource allocation alignment may imply different layers on the same target UE PRG have to be allocated to the same co-scheduled UE, which should be reflected by DCI signaling instead of RRC signaling.
We can refer to RAN1 spec language:
The UE does not expect the precoding of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be different in the PRG-level grid configured to this UE with PRG =2 or 4.
The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4.
Proposal 1: Revise the previous agreement on PRG boundary alignment as follows to clarify the alignment:
· For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, whether its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
Proposal 2: Based on the agreement in the previous meeting, we propose the following text for LS to RAN2 explaining the RAN4 agreed RRC signaling:
The information in each of the bullets is signaled separately in a dedicated RRC based signaling parameters.
· For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, whether its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· Whether the DMRS power boosting configurations of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Whether the time domain resource assignment for PDSCH symbols of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the potential DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 
· 1024QAM MCS table, or 
· 256QAM or 64QAM MCS table
Note that DMRS sequence aligned co-scheduled UE(s) refers to the co-scheduled UE(s) which has same DMRS sequence as the target UE.
In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895,  is configured by RRC signalling.
A draft of LS description is included in Appendix.
Proposal 3: We observe the following issues in the agreed DCI signaling and propose the resolution below:
· We already agree that PRG alignment is a common case and is a necessary condition for R-ML receivers. Therefore, we propose to revise PRB in index 1-6 to PRG.
· In index 6, we specified that the constraint applies “when co-scheduled UEs exists”. However, it is not specified that whether indexes 1-5 include the case that co-scheduled UE doesn’t exist on some of the PRGs allocated to the target UE. Since indexes 1-5 target the target UEs without detection capability, we may consider aligned PRG allocation between target and co-scheduled UEs. We propose the following wording change for clarification:
All the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, scheduled with QPSK transmission.
Observation 2: We observe the following issue that prevent UE vendors from implementing blind modulation order detection because it leads to a worse performance then UEs without blind modulation order support
· When there are UEs with and without the capability of blind modulation order detection served by the same network, the network MU-MIMO scheduling scheme may unintentionally punish the blind modulation order detection capable UE by 
· allocating the resources with aligned modulation order to the UEs without blind modulation capability and signaling the interfering modulation order
· while allocating the resources with misaligned modulation order to UEs with blind modulation detection capability and without signaling the interfering modulation order directly. 
· Then the UE with blind modulation order detection capability may have worse performance and throughput than the UE without blind detection due to possible miss detection of modulation order. 
· This may lead to so called “Bad money drives out good” scenario that disincentivizes UE vendors to implement blind modulation order detection since it leads to a worse performance instead of better, and we end up with no UE supporting blind modulation order detection.
· Less or no UEs with blind modulation order detection makes the MU-MIMO scheduling on the network side more complicated with more constraints, and may degrade the system performance and MU-MIMO gain when network can’t optimize the scheduling due to limitation on modulation order matching. 
Proposal 4: We propose two alternatives for MU-MIMO DCI signaling
· Option 1: 1 bit signaling without modulation order information
	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	1
	Others



· Option 2: two bits signaling in which all the cases require blind modulation order detection but with different levels of complexity, and also fix the PRG granularity issue.
	Bit field mapped to index
	Content

	00
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	01
	In all the PRGs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have the same modulation order.

	10
	In each individual PRG allocated to the target UE, the following condition is satisfied:
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

	11
	Others



Observation 3: 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 a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, its precoding and resource allocation 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 5: The R-ML requirement is applicable only when all the conditions in the previous observation are satisfied and signaled to the DUT UE.
Proposal 6: 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 7: 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. 
Appendix: description of LS
Within the Release 18 work item on NR demodulation performance evolution (NR_demod_enh3), RAN4 has studied the required signalling overhead for the advanced receiver to cancel inter-user interference for MU-MIMO. Two candidate advanced receivers, E-MMSE-IRC and R-ML are included in the study.
Based on RAN4’s evaluation, RAN4 observes that the interference cancellation capability of R-ML receiver can improve performance in most scenarios. To enable the R-ML receiver implementation that can cancel inter-user interference correctly with feasible complexity, RAN4 agreed to introduce the network assistant signalling to explicitly indicate the essential configuration information related to the co-scheduled UE(s) as captured in the following. The information in each of the bullets is signaled separately in a dedicated RRC based signaling parameters.
· For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, whether its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· Whether the DMRS power boosting configurations of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Whether the time domain resource assignment for PDSCH symbols of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
· Among all MCS tables configured to the potential DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 
· 1024QAM MCS table, or 
· 256QAM or 64QAM MCS table
Note that DMRS sequence aligned co-scheduled UE(s) refers to the co-scheduled UE(s) which has same DMRS sequence as the target UE.
In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895,  is configured by RRC signalling.

