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Introduction
In last RAN4 #109 meeting, for MU-MIMO advanced receiver WI, reference receiver assumption, required information, signaling for network assistant information (NWA), UE capability aspects and phase II test parameters for MU-MIMO scenario have some agreements in WF [1]. In this contribution, we share our views on open issues of MU-MIMO reference receiver assumptions, required information and UE capability aspects.
Discussion
Reference receiver assumptions and UE capability definition
The agreements and FFS issues of reference receiver assumptions for Rel-18 MU-MIMO in last meeting [1] are as below.
	The basic UE capability with R-ML receiver for MU-MIMO (for all UE types):
· UE is capable of MU-MIMO with R-ML for 2 layers across target and co-scheduled UEs under 2RX conditions
· UE is capable of MU-MIMO with R-ML up to 2,3, or 4 layers across target and co-scheduled UEs under 4RX conditions
The UE Types to be covered in terms of #layers it can process with R-ML:
1. Capability when modulation order is signaled (index 1-5)
a. Up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs in 2 RX and 4RX condition 
2. Capability when modulation order is not signalled (index 6)
a. UE cannot support R-ML
b. UE can support 2 layers across target and co-scheduled UEs with 2RX and 4RX
c. UE can support 2 layers across target and co-scheduled UEs with 2RX and can support maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX
3. Capability when modulation order is not signalled (index 7)
a. UE is not expected to support R-ML
UE capability for different UE Types
· Different capability based on if modulation order is signaled and not signaled
· For capability when modulation order is not signaled (index 6)
· Option 1: UE capability signaling
· Option 2: UE declaration
Potential finer UE capability definitions
· UE Capability for maximum number of layers processes:
· There is no separate capability for maximum number of layers, will be covered in capability for different UE types.
· UE Capability for maximum number of DMRS ports detected
· There is no UE capability introduced for # of DMRS ports to detect. 
· The UE is expected to detect up to 4 ports. It’s up to UE implementation which ports are detected.
· Discussion is limited to R15 DMRS configurations. 
· FFS on NWA to inform the UE on potential co-scheduled ports. 
· UE Capability for Maximum modulation orders of interfering DMRS ports
· Option 1: UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported
· Option 2: Not to introduce such capability definition
· UE Capability for supported DMRS configurations
· Option 1: Introduce UE capability signaling for supported DMRS configuration for R-ML
· Option 2: Not to have such UE capability definition
Capability granularity for the R-ML capability signalling
· Option 1: Per UE. With the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW
· FFS where the assumption will be captured
· UE can support R-ML in single carrier operation, and on one or more carriers in CA operation.
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability
Other details for the R-ML capability signalling
· Applicable to the capability signalling exchange between UEs (V2X WI only)”: N/A
· No FDD/TDD difference
· FR1 only



UE capability for different UE Types
About the information which UE supporting R-ML receiver with and without modulation order blind detection, if UE not support blind detection, for scenario 3 and scenario 4 described in below figure, UE no need to get the 3 bits DCI information agreed in RAN4#107 meeting in order to use R-ML receiver with blind detection. And network could use more flexible scheduling strategies correspondingly if it get the information UE support modulation order blind detection or not. Therefore, we prefer to introduce UE capability to indicate UE could support R-ML without modulation order information.
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Proposal 1: For capability when modulation order is not signalled (index 6), prefer option 1 (UE capability signaling).

Potential finer UE capability definitions
As the DMRS ports are dynamically changing according to scheduling algorithm per slot, use NWA to inform the UE on potential co-scheduled ports is impractical.
Proposal 2: Prefer not to introduce NWA to inform the UE on potential co-scheduled ports.
The agreement to introduce the NWA to indicate the MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UEs are achieved in [2], which is used by network to inform the maximum modulation order. The proposal “UE capability for maximum modulation orders of interfering DMRS ports” is targeting to provide more information for network scheduling, and expect network scheduling algorithm could be updated according to this information. However, from network scheduling side, many factors weigh heavily on the selection of co-scheduled UEs, such as orthogonality of co-scheduled UEs, scheduling priority, the traffic waiting for transmission, channel quality and so on. It seems the information about maximum modulation orders of interfering DMRS ports is hard to play a role. From the UE side, without considering 1024QAM (generally, UEs scheduled with 1024QAM will not be selected as co-scheduled UEs), it seems that UE will not and doesn’t need to distinguish other demodulation orders. Therefore, we think there is no need to define UE capability for maximum modulation orders of interfering DMRS ports.
Proposal 3: Prefer not to introduce UE Capability for maximum modulation orders of interfering DMRS ports.
About the candidate options on supported DMRS configurations, since we already have default assumptions to restrict the same DMRS configuration type, DMRS length, DMRS sequence and so on between target UE and co-scheduled UEs, there is no need to have additional restrictions.
Proposal 4: Prefer not to introduce UE capability signaling for supported DMRS configuration for R-ML.

Capability granularity for the R-ML capability signaling
Considering the UE flexibility, i.e. UE may not be able to support R-ML for all bands and band combinations, introduce per CC per band per band combination UE capability make sense. 
Proposal 5: For the capability granularity for the R-ML capability signalling, introduce per CC per band per band combination (Per-FSPC) UE capability.

Potential required information
The agreements and open issues of potential required information for Rel-18 MU-MIMO in last meeting [1] are as below.
	The DMRS port information for the co-scheduled UE
· Candidate options on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port
· Option 1A: Introduce UE capability signalling for maximum DMRS ports instead of RRC based NWA
Frequency domain resource allocation type for the co-UE and the target UE
· Candidate options:
· Option 1: Introduce signaling to indicate if RBG size of the target and co-scheduled UE are the same when resource allocation Type 0 is used for target UE.
· Option 2: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE
· Option 3: Not to have assumption on the frequency domain resource allocation type for the co-scheduled UE
Additional evaluation on modulation order blind detection
· Not to have additional assumptions on modulation order blind detection.
· Detailed phase II test parameters for modulation order blind detection can be discussed within Topic #2.
New MAC-CE command to assist DMRS port blind detection
· Candidate options:
· Option 1: Apply MAC-CE command to indicate target UE to apply joint DMRS power detection across multiple PRBs/PRGs with respect to one DMRS port on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
· Option 2: Not to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection
· Proponent for option 1 is encouraged to give more details in the next meeting.
The modulation order information of the co-scheduled UE (RRC based assistant signaling)
· Candidate options on updated LS to RAN2:
· Option 1: Modify 2 bit RRC signaling to indicate max configured MCS table to maximum modulation order of paired UEs
	The highest modulation order used in all the MU-MIMO scheduling instances for co-scheduled UE(s), which has the same DM-RS sequence as the target UE, the modulation order is one of the following
· 1024QAM 
· 256QAM 
· 64QAM 


· Option 2: Do not update the agreed LS to RAN2.



The DMRS port information for the co-scheduled UE 
UE should know the DMRS port information of the co-scheduled UEs, thus UE could get the related DMRS sequence， FD-OCC, TD-OCC and RE resource information of the co-scheduled UE. But it seems dedicated DCI signaling for DMRS port information is not accepted, then UE should do blind detection for the DMRS port information. If the maximum number of ports is informed to the target UE, the complexity of blind detection may be reduced. However, considering the R-ML receiver for MU-MIMO introduced in Rel-18 is targeting on maximum 4 layers scheduled at the same time and frequency resources, which means maximum 3 DMRS ports are used by the co-scheduled UEs, we prefer not to introduce the upper bound on number of ports of co-scheduled UEs to be detected.
Proposal 6: No need to consider additional RRC signaling for DMRS port.

Frequency domain resource allocation type for the co-UE and the target UE
As discussed before, no need to introduce default assumption that UE assume the same frequency domain resource allocation type for target and co-UE, and the frequency domain resource allocation for the co-scheduled UE should be obtained by UE blind detection.
Proposal 7: For the Frequency domain resource allocation type for the co-UE and the target UE, do not to introduce assumption on the frequency domain resource allocation type.

Conclusion
In this contribution, we provide analysis and views on remaining open issues for MU-MIMO reference receiver assumption, required information and UE capability aspects. 
Proposal 1: For capability when modulation order is not signalled (index 6), prefer option 1 (UE capability signaling).
Proposal 2: Prefer not to introduce NWA to inform the UE on potential co-scheduled ports.
Proposal 3: Prefer not to introduce UE Capability for maximum modulation orders of interfering DMRS ports.
Proposal 4: Prefer not to introduce UE capability signaling for supported DMRS configuration for R-ML.
FR1 only.
Proposal 5: For the capability granularity for the R-ML capability signalling, introduce per CC per band per band combination (Per-FSPC) UE capability.
Proposal 6: No need to consider additional RRC signaling for DMRS port.
Proposal 7: For the Frequency domain resource allocation type for the co-UE and the target UE, do not to introduce assumption on the frequency domain resource allocation type.
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