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1. Introduction
In RAN4 #107 meeting we discuss the advanced receiver to cancel inter-user interference for MU-MIMO within the NR_demod_enh3-Perf WI. As an outcome, the WF is approved in [1] and the LS containing the request of introducing new DCI bits [2] is sent to RAN1.
In this paper, our views on the reference receiver assumption and required information are given.
2. Discussion
[bookmark: _Hlk127370807]2.1 Reference receiver assumptions
Reference receiver
	Status in the WF in [1]:
Candidate options:
· Option 1: Down select to R-ML as the reference receiver
· Option 2: Make decision later
· Option 3: Keep open in case requirements are to be defined for up to 4 total layers and with high modulation orders


Since this meeting is the last meeting of the phase I study according to the approved work plan [3], it is the time for RAN4 to make decision on the reference receiver. Based on companies’ simulation results, we observe larger performance gain for R-ML receiver compared with E-IRC. We propose to down select to R-ML as the reference receiver as a phase I study outcome. As for there is complexity concern on the number of total layers modulation order, it can be further discussed under the receiver assumption and phase II requirement definition part.
Proposal 1: Down select to R-ML as the reference receiver as the phase I study outcome.
2.2 Required information for the candidate receivers

Additional assumptions to the R-ML receiver
	Status in the WF in [1]:
Candidate options on the additional assumptions to the R-ML receiver:
· [bookmark: _Hlk135331135]Proposal 1: The total number of layers for target and co-scheduled UE are no more than 4
· Proposal 2: Limit the study to DMRS configurations of dmrs-Type=1 with maxLength=1



From the R-ML receiver processing point of view, the UE that receives the co-UE presence indication by the new DCI, will first blindly detect the presence of co-scheduled UE per PRG and per potential DMRS port granularity. After that, to obtain the co-UE modulation order information, the UE will either simply use the modulation order if indicated by the DCI (i.e., index 1~5), or performing modulation order blind detection indicated by the DCI index 6. While performing modulation order blind detection, the UE will assume the same modulation order is scheduled for all the detected co-scheduled layers. Therefore, by introducing additional assumptions to the R-ML receiver as the 2 proposals above, limited complexity for FDRA, DMRS port, modulation order blind detection is saved.
We would like to also point it out that all the assumptions we made to the R-ML receiver as well as the network configuration, in our understanding, will have minor impact to the real network scheduling, but will mostly limit the scenarios that the R-ML could be used on the contrary. Thus, we think we should carefully decide the assumptions we are making and try not to largely limit the use cases for R-ML for MU-MIMO.
Considering the above, we prefer not to have additional assumptions to the R-ML receiver for saving the blind detection complexity purpose. 
Observation 1: By introducing additional assumptions to the R-ML receiver as the 2 proposals above, limited complexity for FDRA, DMRS port, modulation order blind detection could be saved.
Observation 2: All the assumptions we made to the R-ML receiver as well as the network configuration, in our understanding, will have minor impact to the real network scheduling, but will mostly limit the scenarios that the R-ML could be used on the contrary.
Proposal 2: Not to have additional assumptions to the R-ML receiver for saving the blind detection complexity purpose.
Rather than the complexity introduced by the blind detection process, we think the complexity is mainly come from R-ML processing itself especially for high rank and high modulation order situations. However, for the Rel-15 R-ML receiver for SU-MIMO, we only assume the R-ML receiver to deal with totally X ranks with X ≤ UE Rx number (as shown below in TS38.306).
	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].






At the same time, if there is a need to limit the R-ML processing complexity and UE implementation, we can accept similar approach as the Rel-15 R-ML for SU-MIMO, i.e., on each RE, the R-ML can perform inter-stream and inter user interference with at most X streams, where X is the total number of the target and co-scheduled layer, and X ≤ UE Rx number.
Observation 4: For the Rel-15 R-ML receiver for SU-MIMO, we only assume the R-ML receiver to deal with totally X ranks with X ≤ UE Rx number.
Proposal 3: If there is a need to limit the R-ML processing complexity and UE implementation, use similar approach as R-ML for SU-MIMO, i.e., on each RE, the R-ML can perform inter-stream and inter user interference with at most X streams, where X is the total number of the target and co-scheduled layer, and X ≤ UE Rx number.

The DMRS sequence information for the co-scheduled UE
In the last meeting, it was left FFS whether additional RRC based assistant signalling can be considered to save the DMRS port information blind detection complexity:
	Status in the WF in [1]
	Information
	RAN4 Default assumption
(If N/A, how could be obtained by the UE)
	Signalling if RAN4 default assumption not valid
	Way forward on the signalling details if introduced

	The DMRS port information for the co-scheduled UE
	N/A (Obtained by UE blind detection)
	N/A
	FFS whether additional RRC based assistant signalling can be considered.






Firstly, we think in MU-MIMO transmission, the DMRS port allocation among UEs, as a consequence of the BS scheduling per slot, could be frequently changed. It is hard for the BS to indicate the UE some prior information about scheduling which could be valid hundreds of ms later.
Secondly, as we discussed above, the UE that receives the co-UE presence indication by the new DCI, will blindly detect the presence of co-scheduled UE per PRG and per potential DMRS port granularity. The complexity is not high since the same DMRS configuration including DMRS type, DMRS additional position, maximum length could be assumed.
Therefore, we propose not to introduce additional RRC based assistant signalling for UE to obtain the DMRS port information for the co-scheduled UE.
Proposal 4: Not to introduce additional RRC based assistant signalling for UE to obtain the DMRS port information for the co-scheduled UE.

Whether to consider separate UE capability corresponding the dedicated RRC signaling
In the last meeting, it was left FFS whether to introduce separate UE capability corresponding the dedicated RRC that indicates whether the default assumptions valid or not:
	Status in the WF in [1]
	Information
	RAN4 Default assumption
(If N/A, how could be obtained by the UE)
	Signalling if RAN4 default assumption not valid
	Way forward on the signalling details if introduced

	PRB bundling size for the co-scheduled UE
Frequency domain resource allocation for the co-UE within each PRG of the target UE
	UE assume in each its PRG, the resource allocation and precoding of the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with PRG=2 or 4.
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	DMRS power boosting for the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	Time domain resource allocation information of the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not






If such UE capabilities are introduced, the UE could still perform R-ML even if the corresponding network assumption is not valid, which could be a beneficial extension of this feature.
However, it remains unclear how R-ML could be performed under invalid network assumption scenarios, thus companies could not provide simulation results under such scenario, which means the new capabilities could not be tested in RAN4.
Considering the above, we prefer not to introduce separate UE capability corresponding the dedicated RRC that indicates whether the default assumptions valid or not, unless a clear UE behavior under invalid network assumption scenarios could be decided.
Proposal 5: Not to introduce separate UE capability corresponding the dedicated RRC that indicates whether the default assumptions valid or not, unless a clear UE behavior under invalid network assumption scenarios could be decided.

CSI-RS location of co-scheduled UE
In the last meeting, it was left FFS whether to introduce RRC signaling to indicate if the RAN4 default assumption is valid:
	Status in the WF in [1]:
	Information
	RAN4 Default assumption
(If N/A, how could be obtained by the UE)
	Signalling if RAN4 default assumption not valid
	Way forward on the signalling details if introduced

	CSI-RS location of co-scheduled UE (Only required for R-ML)
	UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
	Down-select to one of the below options in the next meeting:
Option 1: No RRC signalling is needed
Option 2: 1-bit RRC signaling
	






In our understanding, under the scenario that target PDSCH is overlapped with the co-scheduled UE CSI-RS, the R-ML performance may be decreased if the CSI-RS port number is high. Or may not be impacted if the target PDSCH modulation order is QPSK or if the CSI-RS port number is low, etc.
Therefore, we think it could be beneficial for the network to inform the UE whether the CSI-RS location default assumption is valid or not, to let the UE to decide whether R-ML could still be performed.
Observation 5: It could be beneficial for the network to inform the UE whether the CSI-RS location default assumption is valid or not, to let the UE to decide whether R-ML could still be performed.



Capability signalling for advanced receiver for MU-MIMO (If introduced)
	Status in the WF in [1]:
Candidate options
–	Option 1: Define optional UE capability signaling on MU-MIMO advanced receiver capability:
o	Option 1A: UE supporting R-ML receiver with and without modulation order blind detection
o	Other options are not precluded



Since we have decided to introduce new DCI and RRC signaling for R-ML receiver for MU-MIMO scenario, it is reasonable to introduce optional UE capability signaling for the network to know which UEs should be indicated the new DCI and RRC NWA signaling for R-ML processing purpose.
Proposal 6: Introduce optional UE capability signaling for UE supporting R-ML receiver for MU-MIMO scenario.

According to the new DCI design in [2], there are basically 2 sorts of R-ML implementations, i.e., with and without modulation order blind detection. Moreover, there may be more kinds of R-ML implementations if the UE will support R-ML processing under invalid network assumption scenarios as we discussed above.
In addition to the basic R-ML supporting information, it remains RAN4 discussion on whether it is beneficial for the network to know the exact R-ML implementation (i.e., with or without MO BD). If so, capability signaling design like option 1A above could be considered. If not, in addition to the basic R-ML receiving capability for MU-MIMO scenario with capability signaling, R-ML with MO BD could be considered as an advanced R-ML capability without signaling, and such capability should also be tested in RAN4 based on UE declaration.
Proposal 7: In addition to the basic R-ML supporting information, RAN4 needs to discuss whether it is beneficial for the network to know the exact R-ML implementation, i.e., with or without modulation order blind detection.

Capability granularity and details for the R-ML capability signaling (If introduced)
As for the granularity and details for the new R-ML capability, we propose to align with the Rel-17 MMSE-IRC for MU-MIMO which is used under the same scenario for this Rel-18 study as shown below:
		Feature group
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Mandatory/Optional

	MMSE-IRC receiver for scenarios with inter-cell and intra-cell inter-user interference
	Per UE
	No
	FR1 only
	N/A
	Optional without capability signalling for Rel-15 and Rel-16
Mandatory without capability signalling from Rel-17






Proposal 8: For the granularity and details for the new R-ML capability, align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only.
3. Conclusion
Proposal 1: Down select to R-ML as the reference receiver as the phase I study outcome.
Observation 1: By introducing additional assumptions to the R-ML receiver as the 2 proposals above, limited complexity for FDRA, DMRS port, modulation order blind detection could be saved.
Observation 2: All the assumptions we made to the R-ML receiver as well as the network configuration, will hardly restrict or modify the real network scheduling, but will only limit the scenarios that the R-ML could be used on the contrary.
Proposal 2: Not to have additional assumptions to the R-ML receiver for saving the blind detection complexity purpose.
Observation 4: For the Rel-15 R-ML receiver for SU-MIMO, we only assume the R-ML receiver to deal with totally X ranks with X ≤ UE Rx number.
Proposal 3: If there is a need to limit the R-ML processing complexity and UE implementation, use similar approach as R-ML for SU-MIMO, i.e., on each RE, the R-ML can perform inter-stream and inter user interference with at most X streams, where X is the total number of the target and co-scheduled layer, and X ≤ UE Rx number.
Proposal 4: Not to introduce additional RRC based assistant signalling for UE to obtain the DMRS port information for the co-scheduled UE.
Proposal 5: Not to introduce separate UE capability corresponding the dedicated RRC that indicates whether the default assumptions valid or not, unless a clear UE behavior under invalid network assumption scenarios could be decided.
Observation 5: It could be beneficial for the network to inform the UE whether the CSI-RS location default assumption is valid or not, to let the UE to decide whether R-ML could still be performed.
Proposal 7: In addition to the basic R-ML supporting information, RAN4 needs to discuss whether to introduce capability signaling to inform the network the R-ML exact implementation, i.e., with or without modulation order blind detection.
Proposal 8: For the granularity and details for the new R-ML capability, align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only.
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