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1	Introduction
During the last meeting’s discussion, RAN4 has made only the following agreement related to the assumptions for the advanced receiver for MU-MIMO based on the agreed WF [1]:
	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.




There are still plenty of open issues left for further discussion. Besides the assumptions, discussions regarding UE capabilities are still ongoing, with various companies putting forth many different proposals. In this contribution, we present our views on all remaining open issues, and we also provide our perspectives on the candidate options for UE capabilities.
2	Discussion
2.1 Reference receiver assumptions
As for the reference receiver assumptions, the signaling issues related to DCI and RRC have already been concluded. The remaining open issues primarily involve discussing whether to introduce additional simulation assumptions.
Additional assumptions to the R-ML receiver
Following are the candidate options from the agreed WF [1] on maximum number of layers needed to be handled by 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



From the testing perspective, we think it is reasonable to reuse the SU-MIMO interference mitigation advanced receiver declaration, which is option 1A, for the scenario without modulation order blind detection. Regarding the scenario with modulation order blind detection, we think it’s reasonable to consider followings:
· 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
Proposal 1: Propose followings for declaration (UE receiver features):
· For R-ML receiver without modulation order detection for MU-MIMO
· 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
· 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
From the real network perspective, we prefer not to add any restriction on the implementation of R-ML receiver. The maximum layer that UE can proceed with R-ML receiver can be subtracted by the UE capability maxNumberMIMO-LayersPDSCH, so that if UE reports maxNumberMIMO-layersPDSCH=fourLayers (4) and target UE is scheduled with 2 layers, the UE should be able to mitigate maximum 2 layers for co-scheduled UE(s). If this is the common understanding, we think there is no need to introduce additional UE capability of maximum layer for R-ML receiver.
Proposal 2: Propose not to add any restriction on the maximum layer for R-ML implementation.
2.2 Discussion on the required information
Following open issues are related to the required information for R-ML receiver.
DMRS port information for the co-scheduled UE
Following options are proposed for the DMRS port information for the co-scheduled UE:
	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



We think it is reasonable that the DMRS port information for the co-scheduled UE will be blind detected by the target UE without any additional network assistance signaling since the co-scheduled UE DMRS port information is dynamically changing slot by slot so that the RRC-based signaling might not be able to help. Furthermore, many bits will be needed for carrying DMRS port information for the network assistance signaling, which will result in unacceptable bit overhead.
In this case, we don’t think it is necessary and feasible to introduce additional RRC/DCI-based network assistance signaling for the co-scheduled UE DMRS port information.
As for option 2, the upper bound on number of ports can be subtracted from the UE capability maxNumberMIMO-LayersPDSCH as described above. Option 3 is not necessary either since it depends on the UE capability to handle Rel-18 DMRS so that it doesn’t matter whether there is any Rel-18 DMRS configured.
Proposal 3: Propose not to consider additional RRC signaling for DMRS port.
Frequency domain resource allocation type
We have the following options:
	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


There is already a default assumption that the target UE and the co-scheduled UE will be PRG aligned. We don’t think it is still necessary to know the information of the frequency domain resource allocation type of the co-scheduled UE for applying the R-ML receiver.
Proposal 4: Propose not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE.
Additional evaluation on modulation order blind detection
There is a candidate option on additional RAN4 default assumptions to assist modulation order blind detection:
	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.



In our understanding, it is up to Network implementation to schedule contiguous/non-contiguous FDRA allocation for 2 co-scheduled UEs. We already had a default assumption of PRG alignment so that we don’t think it is necessary to have an additional default assumption of proposal 1.
Considering the timeline, we prefer not to have further additional evaluations on the modulation order blind detection.
Proposal 5: Propose not to consider additional RAN4 default assumptions to assist modulation order blind detection.
New MAC-CE command to assist DMRS port blind detection
It is proposed in the last meeting to introduce the following assistant information for DMRS port blind detection:
	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






In our understanding, it is considered reliable for DMRS port blind detection since the SNR condition is usually good for MU-MIMO transmission. 
Moreover, MAC-CE is transmitted on PDSCH, and we are discussing PDSCH demodulation requirements with R-ML. If this signaling is important for UE to perform R-ML, and gNB may need to transmit this command time to time, e.g., every 10ms, this is the huge limitation for the network scheduling because gNB usually uses lower MCS for UE to receive MAC-CE without errors. Therefore, we should avoid MAC-CE based assistance signaling.  
Proposal 6: Propose not to consider introducing new MAC-CE/RRC related assistance on DMRS port blind detection.
2.3 UE capability signalling
In RAN4 #108bis, companies have proposed several UE capability candidates for discussion. Following candidates are captured in the agreed WF [1]:
	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




Regarding to the capability of modulation order blind detection, as inspired by Rel-17 CRS-IM receiver, it is beneficial from the Network point of view on the overhead by defining two different receiver types: one is capable of the blind detection of co-scheduled UE modulation order; another is not capable of the blind detection of co-scheduled UE modulation order. However, we are also open for the discussion of UE declaration (UE receiver feature) that is to follow previous approach of SU-MIMO interference mitigation advanced receiver declaration captured in the specification: 38.306 [2].
	[bookmark: _Toc46488709][bookmark: _Toc52574131][bookmark: _Toc52574217][bookmark: _Toc115386323]5.2	UE receiver features
	Definitions for feature

	SU-MIMO Interference Mitigation advanced receiver
-	R-ML (reduced complexity ML) receivers with enhanced inter-stream interference suppression for SU-MIMO transmissions with rank 2 with 2 RX antennas
-	R-ML (reduced complexity ML) receivers with enhanced inter-stream interference suppression for SU-MIMO transmissions with rank 2, 3, and 4 with 4 RX antennas
UE supporting the feature is required to meet the Enhanced Receiver Type requirements in TS 38.101-4 [18].






As for the capability of maximum number of layers, in our understanding, this can be limited by the UE capability maxNumberMIMO-LayersPDSCH, that is, if the UE reports maxNumberMIMO-layersPDSCH=fourLayers (4) and target UE is scheduled with 2 layers, the UE should be able to mitigate 2 DMRS ports for co-schedule UEs. With this interpretation, UE does not need to signal the maximum number of interfering DMRS ports. 
Proposal 7: Propose not to introduce the capability of maximum number of layers as long as RAN4 assume the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO receiver is derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.
On the other hand, we think it is beneficial to report the maximum modulation order UE can support, as the modulation order information is one of the factors that affect the complexity of R-ML receiver. For example, some UE wants to limit the maximum modulation order of co-scheduled UE up to 64QAM (instead of 256QAM or 1024QAM) for wider CBW such as 100MHz. This information is also beneficial for Network to schedule the pairing of UEs. 
Proposal 8: Introduce a per UE capability for Rel-18 MU-MIMO receivers as follows:
· Maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.

3	Summary
In summary, we provided our views on all the remaining issues and UE capability definition.
We summarized our proposals as follows:
Proposal 1: Propose followings for declaration:
· For R-ML receiver without modulation order detection for MU-MIMO
· 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
· 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
Proposal 2: Propose not to add any restriction on the maximum layer for R-ML implementation.
Proposal 3: Propose not to consider additional RRC signaling for DMRS port.
Proposal 4: Propose not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE.
Proposal 5: Propose not to consider additional RAN4 default assumptions to assist modulation order blind detection.
Proposal 6: Propose not to consider introducing new MAC-CE/RRC related assistance on DMRS port blind detection.
Proposal 7: Propose not to introduce the capability of maximum number of layers as long as RAN4 assume the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO receiver is derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.
Proposal 8: Introduce a per UE capability for Rel-18 MU-MIMO receivers as follows:
· Maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.
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