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Introduction
In last RAN4 #108bis 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
The agreements and FFS issues of reference receiver assumptions for Rel-18 MU-MIMO in last meeting [1] are as below.
	Issue 1-2-1: Selection of reference receiver
· Not to revisit the previous decision on the selection of the reference receiver. 
· Discuss the detailed test parameters and test case design in the test setup part.
Issue 1-2-2: Additional assumptions to the R-ML receiver
· Candidate options on maximum number of layers need to be handled with R-ML receiver:
· Option 1: Different types of UEs that defines the minimum total layer number across target and co-scheduled UEs with R-ML processing based on UE declaration
· Option 1A:
· Type 1: R-ML with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2 with 2 Rx
· Type 2: R-ML with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2,3,4 with 4 Rx
· Option 1B:
· For R-ML receiver without modulation order detection for MU-MIMO
· Type 1: 2Rx UEs can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· For R-ML receiver with modulation order detection for MU-MIMO
· Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· Option 2: Introduce UE capability signalling for the following types
· Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· Option 3: Maximum 4 layer including target and co-scheduled UEs are required. When the assumptions are not fulfilled, UE is allowed to fall back to MMSE-IRC requirements
· Candidate options on supported DMRS configurations:
· Option 1: Not to have additional restrictions on supported DMRS configurations
· Option 2: Restrict R-ML for MU-MIMO to certain DMRS configuration and length or introduce UE capability on the supported DMRS configuration and lengths
Additional assumptions to the R-ML receiver
· If the target UE does not support Rel-18 DMRS. It is up to UE implementation whether the UE will perform R-ML to the co-scheduled layers associate with the DMRS ports which are not included in the Rel-15 DMRS.


Additional assumptions to the R-ML receiver
Obviously, R-ML is introduced to cancel the downlink intra-cell inter-user interference, and the number of UE Rx receive antenna directly affects the results of interference suppression. However, it’s natural that the network scheduler will not provide scheduling algorithms for UEs with 2Rx and 4 Rx R-ML receivers separately. Therefore, from R-ML receiver feature introduction perspective, no need to define UE capability as option 2 mentioned. Meanwhile, it is benefit for network scheduler if it could know the UE capability of R-ML blind detection, and we don’t think it necessary to define different maximum layers for 4 Rx UEs, hence we prefer option 1A.
Proposal 1: Define MU-MIMO enhanced receiver type in definition section similar as SU-MIMO enhanced receiver type, such as, 
Enhanced Receiver Type 2: MU-MIMO interference mitigation advanced receiver
-	R-ML (reduced complexity ML) receiver with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2 with 2 RX antennas
-	R-ML (reduced complexity ML) receiver with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2, 3, and 4 with 4 RX antennas
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 2: Not to have additional restrictions on supported DMRS configurations.
Required Information
The agreements and open issues of required information for Rel-18 MU-MIMO in last meeting [1] are as below.
	Issue 1-3-1: 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 2: Introduce RRC signaling for upper bound on number of co-scheduled UE ports
· Option 3: Introduce RRC signalling to indicate whether there is UE with Rel-18 DMRS configuration in the whole cell existing
Issue 1-3-2: Frequency domain resource allocation type for the co-UE and the target UE
· Candidate options:
· Option 1: Introduce default assumption for resource allocation type for co-UE same as targe UE. Introduce dedicated RRC signaling to indicate if the default assumption is true or false 
· Option 2: Not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE
Issue 1-3-3: Additional evaluation on modulation order blind detection
· Candidate options on additional RAN4 default assumptions to assist modulation order blind detection:
· Proposal 1: RAN4 to consider default assumption of only type 1 FDRA allocation of co-UEs, and Further evaluate if UE blind MO detection capability can be extended to include 
· UE capable of blind MO detection with granularity of PRG =2/4
· UEs capable of blind MO detection within each type 1 FDRA allocation.
· UEs capable of single blind MO detection per layer.
· UEs capable of only one blind MO detection across all layers in a slot.
Issue 1-3-4: New MAC-CE command to assist DMRS port blind detection
· Candidate options:
· Option 1: Introduce the following new MAC-CE command to assist DMRS port blind detection
	New MAC-CE Command
	 Content

	Joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port
	1 bit: Target UE apply joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port;
3 bits: Valid period for UE to apply joint signal power detection across multiple PRBs/PRGs with respect to one DMRS port. 2~16 ms





The DMRS port information for the co-scheduled UE 
UE should know the DMRS port information for 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 3: 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 4: For the Frequency domain resource allocation type for the co-UE and the target UE, do not to introduce default assumption that assume the same frequency domain resource allocation type.
Additional evaluation on modulation order blind detection
As the analysis in last meeting, for the FDRA detection, blind detection for co-scheduled UEs are assumed without specific FDRA allocation.
Proposal 5: Do not consider default assumption of only type 1 FDRA allocation of co-UEs.
UE capability aspects
The agreements and open issues of UE capability aspects for Rel-18 MU-MIMO in last meeting [1] are as below.
	Issue 1-4-1: Capability signalling for advanced receiver for MU-MIMO
· UE advanced receiver to cancel inter-user interference for MU-MIMO is an optional feature with UE capability signalling
· Candidate options on capability definition for R-ML with modulation order blind detection:
· Option 1: Blind modulation order detection is based on UE capability signaling
· Option 1A: Define different capability in the scenarios indicated by DCI index 6 and 7 respectively
· Option 1B: Introduce 3 level UE capabilities: 1) Low-end UE: Support DCI 0-5; 2) Medium-end UE supporting DCI 0-6; 3) High-end UE supporting DCI 0-7
· Option 2: Blind modulation order detection is based on UE declaration
· Candidate options on capability definition for Maximum number of layers:
· Option 1: Introduce UE capability for Maximum number of layers of co-UE or total number of layers for joint detection
· Option 2: Not to introduce such capability definition
· Option 2A: The maximum number of layers of co-UE can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH
· Candidate options on capability definition for Maximum number of DMRS ports:
· Option 1: Introduce UE capability signalling for maximum DMRS ports to be detected
· Option 2: Not to introduce such capability definition
· Candidate options on capability definition for Maximum modulation orders of interfering DMRS ports supported:
· 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
Issue 1-4-2: Capability granularity and details for the R-ML capability signalling
· Candidate options:
· Option 1: Align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability


Capability definition for R-ML with modulation order blind detection
Considering more than one information and network assistant signaling are required for MU-MIMO advanced receiver R-ML, and the MU-MIMO advanced receiver is not mandatory feature for UE, thus it is better to notify the network if this UE support MU-MIMO advanced receiver or not in case the network waste resource to send unnecessary signaling. If UE has MU-MIMO advance receiver capability, network could transmit MU-MIMO related network assistant signaling to this UE to assist the interference reduction, otherwise, network has no need to transmit MU-MIMO related network assistant signaling to this UE. Furthermore, 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.
[image: ]
Proposal 6: Introduce new UE capability about R-ML receiver with and without modulation order blind detection, network could use more flexible scheduling strategies correspondingly.
Capability definition for Maximum number of layers, maximum number of DMRS ports, Maximum modulation orders of interfering DMRS ports supported
If the maximum number of layers or DMRS ports for R-ML blind detection is no more than 4 as discussed in reference receiver assumptions part, we think there is no need to define capability signalling for Maximum number of layers of co-UE or total number of layers for joint detection, Maximum number of DMRS ports for blind detection and Maximum modulation orders of interfering DMRS ports supported.
Proposal 7: If the maximum number of layers or DMRS ports for R-ML blind detection is no more than 4 as discussed in reference receiver assumptions part, no need to define capability signalling for Maximum number of layers of co-UE or total number of layers for joint detection, Maximum number of DMRS ports for blind detection and Maximum modulation orders of interfering DMRS ports supported.
Capability granularity and details for the R-ML capability signalling
Proposal 8: For the capability granularity and details for the R-ML capability signalling, support aligning with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only.
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: Define MU-MIMO enhanced receiver type in definition section similar as SU-MIMO enhanced receiver type, such as, 
Enhanced Receiver Type 2: MU-MIMO interference mitigation advanced receiver
-	R-ML (reduced complexity ML) receiver with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2 with 2 RX antennas
-	R-ML (reduced complexity ML) receiver with enhanced inter-stream interference suppression for MU-MIMO transmissions with rank 2, 3, and 4 with 4 RX antennas
Proposal 2: Not to have additional restrictions on supported DMRS configurations.
Proposal 3: No need to consider additional RRC signaling for DMRS port.
Proposal 4: For the Frequency domain resource allocation type for the co-UE and the target UE, do not to introduce default assumption that assume the same frequency domain resource allocation type.
Proposal 5: Do not consider default assumption of only type 1 FDRA allocation of co-UEs.
Proposal 6: Introduce new UE capability about R-ML receiver with and without modulation order blind detection, network could use more flexible scheduling strategies correspondingly.
Proposal 7: If the maximum number of layers or DMRS ports for R-ML blind detection is no more than 4 as discussed in reference receiver assumptions part, no need to define capability signalling for Maximum number of layers of co-UE or total number of layers for joint detection, Maximum number of DMRS ports for blind detection and Maximum modulation orders of interfering DMRS ports supported.
Proposal 8: For the capability granularity and details for the R-ML capability signalling, support aligning with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only.
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