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1. Introduction 
In RAN4#108bis PDSCH demodulation requirements for MU-MIMO with advanced receiver were discussed and way forward [1] was agreed.  In this contribution we present our views on UE feature list for advanced receiver considered for mitigating inter- user interference in MU-MIMO.  
2. Discussion
On UE capability the following was agreed:
	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





We have agreement in previous meeting to introduce UE capability for advanced receiver for MU-MIMO. We need to discuss additional UE capability for advanced receiver and the details of the signaling. The UE capability for advanced receiver for MU-MIMO should include the following components:
1) UE capable of advanced receiver for MU-MIMO for 2 layers with 2RX
2) UE capable of advanced receiver for MU-MIMO for 2,3,4 layers with 4RX
Proposal #1:  Introduce UE capability for MU-MIMO advanced receiver with the following components;
UE capable of advanced receiver for MU-MIMO for 2 layers with 2RX
UE capable of advanced receiver for MU-MIMO for 2,3,4 layers with 4RX

Advanced receiver for MU-MIMO with joint detection on co-UE layers is highly complex for the UE. This also requires blind detection at the UE for antenna ports, FDRA, channel estimation for co-UE ports which is processing intensive. The UE might be capable of supporting this in smaller bandwidths only. Hence, the UE should be allowed to signal this capability for MU-MIMO advanced receiver per CC per band per band combination (Per-FSPC). Also, the total number of layers UE can jointly process is upper-bounded by UE capability of maxNumberMIMO-LayersPDSCH which is also signalled per-FSPC. 
Proposal #2:  The maximum number of layers for R-ML (target +co-UE(s)) is upper bounded by UE capability of maxNumberMIMO-LayersPDSCH. 
Observation #1:  The UE capability of maxNumberMIMO-LayersPDSCH is indicated per-FSPC. 

Proposal #3:  Introduce per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO advanced receiver.

If requirements are defined with blind detection for modulation order for MU-MIMO with R-ML, then we need to discuss the capability for it. 
Observation #2:  The capability for modulation order blind detection would be needed if requirements with MO blind detection are introduced in RAN4. 

The issue if whether it should be introduced as UE capability or as UE declaration for the test. Like other UE capability signalling, it is assumed that network will use it in its scheduling planning. There would be a benefit for the network to know the UE capability before scheduling. Hence, we think it should be introduced as a UE capability.
Proposal #4:   If requirements with modulation order blind detection are introduced, then introduce UE optional capability with signaling if UE. 

On other assumptions for advanced receiver for MU-MIMO the supported DMRS configuration was discussed in [1]. We are not sure where the additional assumptions for MU-MIMO agreed in RAN4 can be reflected.  The complexity on the UE side for blind detection is related to the DMRS configuration. UE should be able to indicate the supported DMRS configuration and length for advanced receiver for MU-MIMO. Hence we think it would be suitable to introduce a UE capability for the supported DMRS configurations and length for advanced receiver with MU-MIMO. The network would use this information in providing additional NWA for R-ML receiver depending on the supported DMRS configuration, and configure the supported DMRS configuration when pairing UEs.
Observation #3:  The UE complexity for blind detection depends on the number of ports it needs to detect and the DMRS configuration. 
Observation #4:  Network would use the information on supported DMRS configuration to provide the NWA for advanced receiver, and/or configure the supported DMRS while pairing UEs. 

Proposal #5:  Introduce UE capability signaling for supported DMRS configuration for advanced receiver for MU-MIMO
On UE capability for maximum DMRS ports to be detected -  with different DMRS type and lengths, also considering enhanced DMRS in R18 introduced under MIMO evolution WI, the complexity of DMRS ports detection increases. The performance of any advanced receiver to cancel inter-user interference in MU-MIMO highly depends on how many ports it can detect. UE should be able to declare the number of ports it can detect, so NW can use this information in scheduling MU-MIMO. 

Proposal #6:  Introduce UE capability for maximum DMRS ports to be detected.

Based on the above proposals, we provide the UE feature table below for advanced receiver for MU-MIMO for NR_demod_enh3. This is also captured in our UE feature paper [2].

	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	36. NR_demod_enh3
	36-1
	MU-MIMO Interference Mitigation advanced receiver
	1) R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO transmissions for total 2 layers with 2 RX antennas.
2) R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO transmissions for 2,3, 4 total layers with 4 RX antennas.
	3-4
	UE not capable of advanced receiver to suppress inter-user inference in MU-MIMO 

	36. NR_demod_enh3
	[36-2]
	[Blind detection for co-UE modulation order]
	[Blind detection of modulation order for co-scheduled layers which has the same DMRS sequence as the target UE and in each PRB allocated to the target UE only single modulation order is allocated for the co-scheduled layers.]
	[36-1]
	UE not capable of blind detection for modulation order

	36. NR_demod_enh3
	36-3
	DMRS Configuration for MU-MIMO advanced receiver
	1) DMRS configuration supported with R-ML for MU-MIMO
2) Max number of DMRS ports for blind detection on co-scheduled layers with same DMRS sequence as co-scheduled UE. 
	36-1
	UE indication of number of ports it can detect



We have deleted other columns for readability, but our inputs are captured below and apply to all the fetures:
Need for the gNB to know if the feature is supported: Yes
Applicable to the capability signalling exchange between UEs (V2X WI only)”.: N/A
Type: Per FSPC
Need of FDD/TDD differentiation: N/A
Need of FR1/FR2 differentiation: FR1 only
Mandatory/Optional: Optional with capability signaling 



3. Conclusion
In this paper, we provide our views on open issues on on receiver assumptions for advanced receiver considered for mitigating inter- user interference in MU-MIMO. Our observations and proposals are captured below:
Proposal #1:  Introduce UE capability for MU-MIMO advanced receiver with the following components;
UE capable of advanced receiver for MU-MIMO for 2 layers with 2RX
UE capable of advanced receiver for MU-MIMO for 2,3,4 layers with 4RX
Proposal #2:  The maximum number of layers for R-ML (target +co-UE(s)) is upper bounded by UE capability of maxNumberMIMO-LayersPDSCH. 
Observation #1:  The UE capability of maxNumberMIMO-LayersPDSCH is indicated per-FSPC. 

Proposal #3:  Introduce per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO advanced receiver.
Observation #2:  The capability for modulation order blind detection would be needed if requirements with MO blind detection are introduced in RAN4. 
Proposal #4:   If requirements with modulation order blind detection are introduced, then introduce UE optional capability with signaling if UE. 
Observation #3:  The UE complexity for blind detection depends on the number of ports it needs to detect and the DMRS configuration. 
Observation #4:  Network would use the information on supported DMRS configuration to provide the NWA for advanced receiver, and/or configure the supported DMRS while pairing UEs. 
Proposal #5:  Introduce UE capability signaling for supported DMRS configuration for advanced receiver for MU-MIMO
Proposal #6:  Introduce UE capability for maximum DMRS ports to be detected.
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