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1	Introduction
After the last RAN4 #109 meeting’s discussion, the basic UE capability with R-ML receiver for MU-MIMO (for all UE types) has been agreed as follows:
	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



At the same time, the UE types to be covered in terms of #layers that it can process with R-ML were also specified:
	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


Except the agreements above, it’s still undetermined whether to introduce a UE capability signaling or a UE declaration instead for the capability of modulation blind detection. Meanwhile, more finer capabilities are also proposed for further discussion. 
In this contribution, we provided our views on UE capability-related issues, and we also gave our analysis on potential required information that left with candidate options.
2	Discussion
2.1 UE capability signalling
In RAN4 #109 meeting, the basic UE capability and the UE types to be covered in terms of #layers it can process with R-ML have been agreed. However, companies still have different views on whether to introduce the capability of modulation blind detection, for which it’s clear RAN4 will define two sets of requirements. Such tests will be based on either UE capability signaling or UE declaration, see candidate options captured in the agreed WF [1]:
	· Option 1: UE capability signaling
· Option 2: UE declaration 



RAN1 are going to implement DCI-based assistance signaling based on RAN4 agreements, 1) indicating the co-schedule UE’s modulation order explicitly (i.e., DCI #1-#5) and 2) not indicating but relying on UE’s blind detection (i.e., DCI #6). 
From the UE point of view, some company has concerns to define the UE capability on the blind detection of co-scheduled UE’s modulation order, because gNB may have different DCI signaling scheduling according to the UE capability. 
From the network scheduling point of view, the UE capability signaling on the blind detection of co-scheduled UE’s modulation order helps to determine DCI for co-scheduled UE information. For example, gNB can signal one of DCI between 1 and 5 according to the modulation order scheduled for co-scheduled UE to the UE not supporting blind detection. Also, gNB can signal DCI #6 to the UE supporting blind detection.
Given that there is no difference regarding the signaling overhead since gNB anyway need the additional 3 bits of DCI payload, we are fine to consider not introducing the corresponding UE capability rule, and open to discuss other possibilities.
Observation 1: The DCI signaling overhead is same regardless RAN4 defines a capability on the co-scheduled UE’s modulation order or not.
Regarding to potential finer UE capability definition, it’s agreed to not have separate capability for maximum number of layers, since it will be covered in capability for different UE types, i.e., maxNumberMIMO-LayersPDSCH.
As for the UE capability for maximum DMRS ports detected, companies previously agreed there is no UE capability introduced for the number of DMRS port to detect, and apparently, it’s up to UE implementation which port is to be detected. Based on that, we don’t think it’s still necessary to introduce additional network assistance signaling to inform the UE on potential co-scheduled ports. Based on the previous agreement made in RAN4 #106bis-e, dedicated DCI signaling is not preferred for the DMRS port information [2]:
	Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
GTW agreements on Apr 17th:
· Dedicated DCI signaling is not preferred for the DMRS port information
· FFS whether assistant RRC signalling can be introduced to reduce the BD complexity and/or maintain reasonable CE performance for target UE
· Companies are encouraged to further evaluate BD performance including the detailed assumption:
· Number of co-scheduled UE for BD
· Time/frequency location of co-scheduled UE
Way forward
· Study the BD performance together with FDRA information as recommended in Issue 1-2-2-8.
· FFS whether to introduce additional assistant RRC signalling to restrict the BD complexity.




A large amount of bits will be needed for carrying DMRS port information for the network assistance signaling, which will result in unacceptable bit overhead.
As for RRC signaling, it’s not feasible either since the DMRS port configuration is dynamically changed so that it can’t be precisely covered by RRC signaling. If the network follows the DMRS port configuration indicated by the RRC signaling, then there will be quite a long time that the network shall not change such configuration, which can be a serious limitation on the network scheduling. Therefore, we propose not to consider additional NWA to inform the potential co-scheduled DMRS port.
Proposal 1: Not to consider NWA to inform the potential co-scheduled DMRS port.
Another consideration is the UE capability for maximum modulation orders scheduled for co-scheduled UEs. Based on our analysis in previous meetings, it’s beneficial for the UE to report the maximum modulation order that it can process with 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 the network to schedule the pairing of UEs. 
Proposal 2: Introduce UE capability of maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.
However, we don’t think it is necessary to let the UE report its capability of supported DMRS configuration for R-ML. The UE can detect the DMRS port based on its own capability and try to cancel the corresponding interference. The DMRS configurations which is beyond the UE’s capability, e.g.: Rel-18 DMRS, can be ignored. 
Proposal 3: Not to introduce UE capability of supported DMRS configuration.
As for the capability granularity, following options are listed for further discussion:
	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



We propose to follow the Rel-17 MU-MIMO interference cancellation scenario and to introduce per UE capability. 
Proposal 4: Option 1: Per UE capability.
2.2 Potential required information
Following open issues are related to the potential required information for R-ML receiver.
DMRS port information for the co-scheduled UE
The following option is proposed for the DMRS port information for the co-scheduled UE:
	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



Following the same logic and argument in 2.1, we propose not to introduce additional RRC signaling for DMRS port.
Proposal 5: Propose not to introduce additional RRC signaling for DMRS port.
Frequency domain resource allocation type
As for the frequency domain resource allocation type, we have the following options:
	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



For the test, RAN4 already agreed to assume PRG aligned for applying R-ML receiver. For the real deployment, it’s very likely that the network configures different resource allocation for each co-scheduled UEs because each UE is scheduled with different TBS, and the UE who prefers to apply the R-ML receiver shall be able to blindly detect the interfered resources. We believe that for different resource allocation type, the per PRG detection is the same. Thus, we propose option 3: Not to have assumption on the frequency domain resource allocation type for the co-scheduled UE.
Proposal 6: Propose not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE.
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:
	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.



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 7: Propose not introduce new MAC-CE/RRC related assistance on DMRS port blind detection.
3	Summary
In summary, we provided our views on UE capability-related issues and shared our analysis on the potential required information for applying R-ML receiver.
In the end, we summarized our observations and proposals as follows:
Observation 1: The DCI signaling overhead is same regardless RAN4 defines a capability on the co-scheduled UE’s modulation order or not.
Proposal 1: Not to consider NWA to inform the potential co-scheduled DMRS port.
Proposal 2: Introduce UE capability of maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.
Proposal 3: Not to introduce UE capability of supported DMRS configuration.
Proposal 4: Option 1: Per UE capability.
Proposal 5: Propose not to introduce additional RRC signaling for DMRS port.
Proposal 6: Propose not to have the assumption on the frequency domain resource allocation type for the co-scheduled UE.
Proposal 7: Propose not introduce new MAC-CE/RRC related assistance on DMRS port blind detection.
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