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1. Introduction 
In RAN4#109 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:
	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
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. 
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




On the open issues related to UE capability signalling – 

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 
On the issue of UE capability for advanced receiver when modulation order is not signaled – whether it should be introduced as UE capability or as UE declaration for the test was discussed in RAN4#109. Like other UE capability signaling, 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, rather than UE declaration for test purposes.
Proposal #1:   For UE capability for advanced receiver when modulation order is not signaled - introduce UE optional capability with signaling. 

Potential finer UE capability definitions
· 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

On maximum modulation order, we have a network indication on the max configured MCS table. We also propose below that the network could possibly indicate the max configured MCS for potential co-scheduled UEs, rather than the maximum MCS table, since they could be different. The network would pair UEs based on the channel conditions and CSI feedback report. If UE indication of the maximum modulation order it supports for blind detection can be used for scheduling, then we see the usefulness in introducing such capability.
Proposal #2:  Introduce UE capability for indicating maximum modulation order for blind detection.

For DMRS port detection, we have agreement in last meeting that UE is only expected to detect up to 4 DMRS ports of potential co-scheduled UEs. 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 #1:  The UE complexity for blind detection depends on the number of ports it needs to detect and the DMRS configuration. 
Observation #2:  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 #3:  Introduce UE capability for supported DMRS configuration for advanced receiver for MU-MIMO

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

On the granularity of capability signaling, the proposed option 1 is a per UE capability with assumption that UE might have limited capability in supporting R-ML in large CHBW in CA. If the UE indicates per UE capability, there is no restriction on UE support of this feature in large CHBW combinations. The UE might be able to support advanced receiver in a smaller bandwidth, but not in a larger channel bandwidth given the UE complexity involved in blind detection at a per PRG granularity. With a per UE signaling, there is no indication to the NW on which bandwidth combinations UE can support advanced receiver.  

Observation #3:  The UE complexity for supporting advanced receiver for R-ML depends on the operating BW.
Observation #4:  Per UE granularity for signaling doesn’t indicate to the NW the bandwidth combinations advanced receiver can be supported by UE. 
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 across target and co-scheduled UE is upper-bounded by UE capability of maxNumberMIMO-LayersPDSCH which is also signaled per-FSPC. 
Observation #5:  The maximum number of layers for R-ML (target +co-UE(s)) is upper bounded by UE capability of maxNumberMIMO-LayersPDSCH. 
Observation #6:  The UE capability of maxNumberMIMO-LayersPDSCH is indicated per-FSPC. 

Proposal #4:  Introduce per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO advanced receiver.

On the UE feature list discussion, we introduced a feature group 36-1 as the baseline UE feature for UE supporting advanced receiver for MU-MIMO. In addition, we also discussed the possibilities of having FGs 36-1-1 and 36-1-2 for UE capability signaling when modulation order is signaled, and when modulation order is not signaled respectively. We don’t see the necessity to have a UE capability for the basic feature (36-1), and additional UE capability indication for advanced receiver with modulation order indicated. (36-1-1). We propose to combine the two FGs into one as captured below. 
Observation #7:   There is no necessity to introduce 2 FGs one for the basic feature for R-ML receiver for MU-MIMO (36-1), and additional UE capability indication for R-ML receiver with modulation order indicated (36-1-1). 

Proposal #5:  Combine FGs for the basic feature for R-ML receiver for MU-MIMO (36-1), and additional UE capability indication for R-ML receiver with modulation order indicated (36-1-1).

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 
	R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO up to maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 2 RX and 4RX antennas.

Note: This is the UE capability when modulation order is signalled via DCI
	3-4
	UE not capable of advanced receiver to suppress inter-user inference in MU-MIMO 

	36. NR_demod_enh3
	36-2a
	MU-MIMO Interference Mitigation advanced receiver with modulation order not signalled
	R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO for 2 layers across target and co-scheduled UEs with 2RX and 4RX
	36-1
	UE not capable of advanced receiver to suppress inter-user inference in MU-MIMO when modulation order is not signalled

	36. NR_demod_enh3
	36-2b
	MU-MIMO Interference Mitigation advanced receiver with modulation order not signalled

	R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO for 2 layers across target and co-scheduled UEs with 2RX and maxNumberMIMO-LayersPDSCH layers across target and co-scheduled UEs with 4RX
	36-1
	UE not capable of advanced receiver to suppress inter-user inference in MU-MIMO when modulation order is not signalled

	36. NR_demod_enh3
	36-3
	DMRS Configuration for MU-MIMO advanced receiver
	DMRS configuration supported with R-ML for MU-MIMO
(1) Type 1 with length 1
(2) Type 1 with length 2
(3) Type 2 with length 1
(4) Type 2 with length 2

	36-1
	UE is not capable of advanced receiver to suppress inter-user inference in MU-MIMO with the DMRS configuration





We have deleted other columns for readability, but our inputs are captured below and apply to all the features:
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 receiver assumptions for advanced receiver considered for mitigating inter- user interference in MU-MIMO. Our observations and proposals are captured below:
Proposal #1:  For UE capability for advanced receiver when modulation order is not signaled - introduce UE optional capability with signaling. 
Proposal #2:  Introduce UE capability for indicating maximum modulation order for blind detection.

Observation #1:  The UE complexity for blind detection depends on the number of ports it needs to detect and the DMRS configuration. 
Observation #2:  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 #3:  Introduce UE capability for supported DMRS configuration for advanced receiver for MU-MIMO

Observation #3:  The UE complexity for supporting advanced receiver for R-ML depends on the operating BW.
Observation #4:  Per UE granularity for signaling doesn’t indicate to the NW the bandwidth combinations advanced receiver can be supported by UE. 
Observation #5:  The maximum number of layers for R-ML (target +co-UE(s)) is upper bounded by UE capability of maxNumberMIMO-LayersPDSCH. 
Observation #6:  The UE capability of maxNumberMIMO-LayersPDSCH is indicated per-FSPC. 

Proposal #4:  Introduce per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO advanced receiver.

Observation #7:   There is no necessity to introduce 2 FGs one for the basic feature for R-ML receiver for MU-MIMO (36-1), and additional UE capability indication for R-ML receiver with modulation order indicated (36-1-1). 
Proposal #5:  Combine FGs for the basic feature for R-ML receiver for MU-MIMO (36-1), and additional UE capability indication for R-ML receiver with modulation order indicated (36-1-1).
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