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1 Introduction
During the last RAN4 meeting, some conclusions has been reached for advanced receiver for MU-MIMO [1]. In the following section, we will provide the detailed discussions for MU-MIMO demodulation requirements.
2 Discussion
2.1 Reference receiver assumptions and UE capability definition
UE capability for different UE Types
One FFS issue of UE capability for different UE types to the R-ML receiver in last meeting are listed in following:  
	· 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 


As we discussed in the previous meeting, MU-MIMO advanced receiver is an optional feature with capability signalling. This means that not all UE will support R-ML advanced receiver. Therefore if the UE support R-18 R-ML advanced receiver, the network will schedule the related assistance information ( RRC signalling and DCI signalling ) to support UE performing R-ML receiver. Otherwise, UE can’t support R-ML receiver. And for the capability of R-ML with modulation order blind detection, the network will configure different DCI signalling ( index 6) to support UE performing R-ML receiver. Therefore, before the network is scheduling assistance information for UE, the network should know the behaviour of UE for supporting modulation order blind detection or not. If UE can’t report this capability, modulation order blind detection(index 6) and other indexes are possible when network scheduling assistant information.
Proposal 1. Considering UE capability signaling when modulation order is 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. 
· 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


Regarding the potential co-scheduled ports, we believe that NWA signalling is not necessary. Firstly, as we agreed before, UE is expected to detect up to 4 ports. We believe that ports detection could have a similar performance with NWA signglling. Therefore, we believe that NWA information of co-schedule ports is not necessary for target UE. 
Proposal 2. No need yo introduce NWA to inform the UE on potential co-schedule ports. 
As we discussed in last meeting, RAN4 agreed to introduce dedicated RRC signalling, which include MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s) for target UE. Even if co-schedule UE reports the maximum modulation orders to network, the network will schedule pairing UEs that do not exceed the maximum modulation orders. In our understanding, we don’t think this information is significant. Thus we think no need to introduce capability definition for maximum modulation orders of interfering DMRS ports.
Proposal 3. No need to introduce UE capability definition for maximum modulation orders of interfering DMRS ports supported.
In our understanding, this UE capability for supported DMRS configurations will limit the flexible of scheduling and will not be very helpful to R-ML receiver.
Proposal 4. No need to introduce UE capability definition for supported DMRS configurations.
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



Per FSPC is a very high granularity for BS side and the flexible of MU-MIMO scheduling will be limited. An important factor affecting the R-ML receiver is the bandwidth or the number of allocated RBs. If we are concerned the implementation of R-ML receiver at large allocated RBs. We can make a assumption that UE may not expect to perform R-ML receiver in larger channel bandwidth. In general, it’s up to chip venders implementation. 
Proposal 5. Considering per UE granularity for R-ML capability signalling.

2.2 Potential required information
The DMRS port information for the co-scheduled UE
One FFS issue of DMRS port information for the co-schedule UE in last meeting are listed in following: 
	· 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


As we discussed before, it has been agreed to obtain co-schedule UE DMRS ports by UE blind detection. In our understanding, MU-MIMO is a dynamic scheduling scenario and the DMRS port information is not only depends on total number of layers to be scheduled but also depends on potential co-scheduled UE’s DMRS port allocation. RRC signalling seems can’t work. Up to now, the total number of ports discussed by RAN4 was no more than 4 ports. Since we think there is no need to consider additional RRC singlling for DMRS port.
Proposal 6. No need to introduce the assistant RRC signalling for co -scheduled UEs DMRS port.

Frequency domain resource allocation type for the co-UE and the target UE
One FFS issue of frequency domain resource type for the co-UE and the target UE in last meeting are listed in following: 
	· 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 frequency domain resource type, type 0 and type 1 could be supported. Even if network scheduling non-continuous resource, we think there is no significant influence on R-ML receiver. From BS vendor view, we prefer not considering this information.
[bookmark: _GoBack]Proposal 7. No need to consider frequency domain resource allocation type for co-UE and target UE.

2.3 UE features
In RAN4#110 meeting, the following basic feature has been captured in the R18 UE feature list to RAN2. And we still have some feature definitions require further discussion. 
	Features
	Index
	Feature group
	Components

	...

	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 across target and co-scheduled UEs with 2 RX antennas
2) R-ML (reduced complexity ML) receivers with enhanced inter-user interference suppression for MU-MIMO transmissions for up to 2,3, or 4 total layers across target and co-scheduled UEs with 4 RX antennas.]

	...




	Features
	Index
	Feature group
	Components

	...

	36. NR_demod_enh3
	[36-1-1]


	MU-MIMO Interference Mitigation advanced receiver with modulation order signalled
	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: UE supporting 36-1 is expected to support 36-1-1
	...

	36. NR_demod_enh3
	[36-1-2a]

	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. NR_demod_enh3
	[36-1-2b]

	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
	...


In basic feature, we defined two components that are total 2 layers across target and co-scheduled UEs with 2Rx antennas, total 2,3,4 layers across target and co-schedule UEs with 4Rx antennas. And for sub-features, our objective is to categorize them from a feature group perspective, based on whether modulation order is signalled or not. Either sub-feature group include all components. 
After comparing the above details, we understand that the yellow highlighted part should be removed as it overlaps with feature 36-1-2a.
Proposal 8. It is propose to use above table as R18 UE feature for MU-MIMO.

3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for MU-MIMO demodulation requirements , The conclusions are:
Proposal 1. Considering UE capability signaling when modulation order is not signaled.
Proposal 2. No need yo introduce NWA to inform the UE on potential co-schedule ports. 
Proposal 3. No need to introduce UE capability definition for maximum modulation orders of interfering DMRS ports supported.
Proposal 4. No need to introduce UE capability definition for supported DMRS configurations.
Proposal 5. Considering per UE granularity for R-ML capability signalling.
Proposal 6. No need to introduce the assistant RRC signalling for co -scheduled UEs DMRS port.
Proposal 7. No need to consider frequency domain resource allocation type for co-UE and target UE.
Proposal 8. It is propose to use above table as R18 UE feature for MU-MIMO.
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