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1. Introduction
In RAN4 #106bis-e meeting we discuss the advanced receiver to cancel inter-user interference for MU-MIMO within the NR_demod_enh3-Perf WI. The WF is approved in [1] as the discussion outcome.
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]:
Reference receiver
Candidate options:
· Option 1: Down-select R-ML as a candidate reference receiver to define phase II requirements
· Option 2: To be decided later
Way forward
· To be discussed in the next meeting.



Based on companies’ simulation results, we observe larger performance gain for R-ML receiver compared with E-IRC. Also considering that we are trying to speed up the NWA study for the advanced receiver for MU-MIMO and targeting to send LS to the related WG in this meeting, we propose to down select to R-ML as the reference receiver and design necessary NWA signaling for it.
Proposal 1: Down select to R-ML as the reference receiver and design necessary NWA signaling for it.
2.2 Required information for the candidate receivers
The presence of co-scheduled UE
	Status in the WF in [1]:
The presence of co-scheduled UE
· Proposals on how this information could be obtained by the UE:
· Option 1: Blind detection should be considered
· Option 2: By assistant information signalling
· Option 3: Through signalling of other parameters or by blind detection to the DMRS port information to be discussed
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with modulation order and DMRS port
· Option 2: DCI-based signalling jointly with only modulation order 
· Option 3: 1 bit RRC signalling to indicate whether the DMRS port is used for the co-scheduled UE
Way forward
· Postpone this issue after the agreements of other information are reached.



On the one hand, we think UE could easily obtain such information by performing blind detection to the DMRS port and FDRA information of the co-scheduled UE. On the other hand, we could understand the concern from chipset vendors that we should avoid the UE with E-IRC/R-ML receiver to always perform such blind detection no matter whether co-scheduled UE is presented, which is a waste of power. Therefore, we propose to find a way for the network to indicate the presence of the co-scheduled UE information. We think such information could be combined with other necessary signaling to be introduced, thus we can come back to the detailed designing after the NWA for the other information is decided.
Observation 1: We should avoid the UE with E-IRC/R-ML receiver to always perform blind detection no matter whether co-scheduled UE is presented, which is a waste of power.
Proposal 2: Find a way for the network to indicate the presence of the co-scheduled UE information. Come back to the detailed designing after the NWA for the other information is decided.

The DMRS sequence information for the co-scheduled UE
	Status in the WF in [1]
The DMRS sequence information for the co-scheduled UE
Way forward
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Restriction already exists in RAN1 specification (TS38.214), thus signaling is not needed.
· [bookmark: _Hlk135054364]For the scrambling ID and  information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· [bookmark: _Hlk135055527]FFS on the signaling to inform UE if RAN4 default assumption not valid for any of the co-scheduled UE:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on modulation order (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits



In the last meeting, we have reached agreements that for the scrambling ID and  information, UE can assume the same value as the target UE as the default assumption. And companies have proposed different methods to indicate the UE if the default assumption is not valid, i.e., by RRC or DCI signalling. 
[bookmark: _Hlk135055413]From our point of view, if RRC signalling is considered, in the scenario that there are UEs of different scrambling ID and  in the cell, the network is highly likely to indicate such information regardless of the MU-MIMO scheduling, which will lead to no R-ML in such scenario. By DCI signalling, the UE could at least correctly perform R-ML in the slots where the UEs with the same scrambling ID and  are scheduled for MU-MIMO transmission.
Based on the above understanding, it is preferable for us to indicate such information by DCI. However, we do not support introducing a unique DCI bit for such information because in all we think the scenario that the default assumption is not valid, is rarely happened.
Observation 2: By DCI signaling, the UE could at least correctly perform R-ML in the slots where the UEs with the same scrambling ID and  are scheduled for MU-MIMO transmission.
[bookmark: _Hlk135057233]Proposal 3: The information that ‘RAN4 default assumption not valid’ should be implied by the DCI signaling of other parameters if introduced.

PRB bundling size for the co-scheduled UE
	Status in the WF in [1]:
PRB bundling size for the co-scheduled UE
Way forward
· UE needs to know the PRB bundling size of co-scheduled UEs if different from target UE
· How could be obtained
· Assume the PRB bundling size of co-scheduled UEs is same with that of target UE
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: No signaling is required.
· Option 3: Implied by DCI signaling on modulation order (if introduced)



In the last meeting, we have also agreed that the UE can assume PRB bundling size of co-scheduled UEs is same with that of target UE as a default assumption.
In the scenario that the default assumption is not valid, in our understanding, the indication is not needed if UE could perform per-PRB channel estimation to the co-scheduled UE. However, based on the last meeting discussion, it seems that some chipset vendors prefer to use per PRG estimation for larger accuracy and the DMRS port blind detection granularity assumption is set to ‘up to UE implementation’ in [1].
Therefore, we think it could be beneficial to introduce a unique RRC signaling to indicate UE if ‘the PRB bundling size of co-scheduled UEs is not the same with that of target UE’, to allow the UE supporting ‘per PRB detection’ could still perform R-ML, rather than always disabling the R-ML if it is combined with other default assumptions.
[bookmark: _Hlk135058276]Considering the above, we recommend RAN4 to first discuss the feasibility of introducing a unique RRC signaling to indicate UE if ‘the PRB bundling size of co-scheduled UEs is not the same with that of target UE’. If it could not be feasible, we prefer to indicate such information combined with DCI signaling of other information.
Observation 3: The DMRS port blind detection granularity assumption is set to ‘up to UE implementation’. Thus it is beneficial to introduce a unique RRC signaling to indicate UE if such assumption is not valid, to allow the UE supporting ‘per PRB detection’ could still perform R-ML, rather than always disabling R-ML if it is combined with other default assumptions.
[bookmark: _Hlk135057169]Proposal 4: RAN4 to discuss the feasibility of introducing a unique RRC signaling to indicate UE if ‘the PRB bundling size of co-scheduled UEs is not the same with that of target UE’. If not feasible, prefer to indicate such information combined with DCI signaling of other information.

DMRS power boosting for the co-scheduled UE
	Status in the WF in [1]:
DMRS power boosting for the co-scheduled UE
Way forward
· DMRS power boosting should be the same for both target and the co-scheduled UE.
· [bookmark: _Hlk135058540]FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required.


The different DMRS power boosting for different co-scheduled UEs will lead to incorrect DMRS based channel estimation and even incorrect modulation order detection due to incorrect power estimation for the received symbol. Therefore, we support to inform UE if RAN4 default assumption not valid and open to discuss whether it is indicated by DCI or RRC signaling.
Proposal 5: Inform UE if RAN4 default assumption (DMRS power boosting should be the same for both target and the co-scheduled UE) not valid and open to discuss whether it is indicated by DCI or RRC signaling.

Time domain resource allocation information of the co-scheduled UE
	Status in the WF in [1]:
Time domain resource allocation information of the co-scheduled UE
Way forward
· UE assumes the same PDSCH symbols are allocated to the target and the co-scheduled UEs 
· FFS on the signaling to inform UE if RAN4 default assumption not valid, by:
· Option 1: 1-bit RRC signalling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required



Although slot-based PDSCH transmission is the scenario we agreed in the WID, there should be no doubt that the different TDRA for the different co-scheduled UEs will impact the R-ML and E-IRC performance thus should be avoided. Therefore, we support to inform UE if RAN4 default assumption not valid and open to discuss whether it is indicated by DCI or RRC signaling.
Proposal 6: Inform UE if RAN4 default assumption (the same PDSCH symbols are allocated to the target and the co-scheduled UEs) not valid and open to discuss whether it is indicated by DCI or RRC signaling.

[bookmark: _Hlk127452851]Modulation order of the co-scheduled UE for R-ML receiver
	Status in the WF in [1]:
The modulation order information of the co-scheduled UE
Way forward
· The following additional assumptions to the R-ML receiver can be agreed:
· Within each PRB/PRG, UE applies R-ML to all interference layers with prior information that all interference layers have same modulation order
· [bookmark: _Hlk135060222]FFS whether to consider the case with interference layers have different modulation orders within one or more PRBs.
· Evaluation assumptions of the MO BD study:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Following cases:
· Rank 1+1, 2T2R, MCS 13 for the target UE, QPSK interference, TDLC300-100, random precoding
· Rank 2+2, 4T4R, MCS 17 for the target UE, 16QAM interference, TDLA30-10, orthogonal precoding
· Rank 1+1, 2T2R, MCS 13 for the target UE, 16QAM interference TDLC300-100 random precoding (Optional)
· [bookmark: _Hlk135060735]Full CHBW allocation (52PRBs) FDRA of the co-UE:
· Note: Assume that the R-ML also needs to perform DMRS port and FDRA information BD and all the agreed default assumptions are valid.
· Companies are encouraged to bring simulation results for the next meeting.
· With this MO BD study, the following is not precluded:
· The possibility of full signalling of modulation order and/or other information.
· The possibility of non-dynamic NWA signalling (i.e., non-DCI) solutions.
· For this MO BD study, companies are encouraged to take all proposals from Issue 1-2-3-2 into consideration.



In the last meeting, we have agreed on the basic R-ML receiver assumption and the modulation order blind detection evaluation is agreed.
As for the R-ML assumption, it is FFS whether consider the case with interference layers have different modulation orders within one or more PRBs. On the one hand, we think such scenario could be a practical scheduling for real MU-MIMO transmission. On the other hand, we understand that with such scheduling freedom, the UE with R-ML will need to perform modulation order blind detection for each interference layer separately and it hugely increase the complexity. Thus we are open to discuss whether to consider such scenario.
Proposal 7: Open to discuss whether to consider the scenario that ‘interference layers have different modulation orders within one or more PRBs’.
As for the evaluation assumption, we notice that the case where more than 1 co-scheduled UE with different modulation order is not included in the study. Therefore, we propose to evaluate the following case:
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R
· Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
· Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
With the above evaluation, it could better verify that the UE will not simply assume the same MO for the whole bandwidth and correctly perform blind detection for each UE.
Proposal 8: For the MO BD evaluation, also evaluate the following case with more than 1 co-scheduled UEs:
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R
· Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
· Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1

RS location information of the co-scheduled UE
	Status in the WF in [1]:
RS location information of the co-scheduled UE
Way forward 
· [bookmark: _Hlk135061614]UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· FFS whether to consider RRC signalling to inform UE whether the default assumption is needed



In the last meeting, companies have agreed that UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
As for whether to consider RRC signaling to inform UE whether the default assumption is needed, after some re-consideration, similar as we have discussed in the Rel-17 MMSE-IRC study, we think that this phase I study does not preclude the E-IRC/R-ML usage under larger Tx scenario such as 8/16Tx. Under 8/16 or even larger Tx scenarios, the CSI-RS overlap with PDSCH will have larger impact to the R-ML receiving performance. Therefore, to be safer, we are fine to consider signaling if the default assumption is not valid, and RRC signaling is preferred.
Observation 4: Under 8/16 or even larger Tx scenarios, the CSI-RS overlap with PDSCH will have larger impact to the R-ML receiving performance due to more REs is used by the NZP CSI-RS.
Proposal 9: Consider signaling if the default assumption (the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE) is not valid, and RRC signaling is preferred.
3. Conclusion
Proposal 1: Down select to R-ML as the reference receiver and design necessary NWA signaling for it.
Observation 1: We should avoid the UE with E-IRC/R-ML receiver to always perform blind detection no matter whether co-scheduled UE is presented, which is a waste of power.
Proposal 2: Find a way for the network to indicate the presence of the co-scheduled UE information. Come back to the detailed designing after the NWA for the other information is decided.
Observation 2: By DCI signaling, the UE could at least correctly perform R-ML in the slots where the UEs with the same scrambling ID and  are scheduled for MU-MIMO transmission.
Proposal 3: The information that ‘RAN4 default assumption not valid’ should be implied by the DCI signaling of other parameters if introduced.
Observation 3: The DMRS port blind detection granularity assumption is set to ‘up to UE implementation’. Thus it is beneficial to introduce a unique RRC signaling to indicate UE if such assumption is not valid, to allow the UE supporting ‘per PRB detection’ could still perform R-ML, rather than always disabling R-ML if it is combined with other default assumptions.
Proposal 4: RAN4 to discuss the feasibility of introducing a unique RRC signaling to indicate UE if ‘the PRB bundling size of co-scheduled UEs is not the same with that of target UE’. If not feasible, prefer to indicate such information combined with DCI signaling of other information.
Proposal 5: Inform UE if RAN4 default assumption (DMRS power boosting should be the same for both target and the co-scheduled UE) not valid and open to discuss whether it is indicated by DCI or RRC signaling.
Proposal 6: Inform UE if RAN4 default assumption (the same PDSCH symbols are allocated to the target and the co-scheduled UEs) not valid and open to discuss whether it is indicated by DCI or RRC signaling.
Proposal 7: Open to discuss whether to consider the scenario that ‘interference layers have different modulation orders within one or more PRBs’.
Proposal 8: For the MO BD evaluation, also evaluate the following case with more than 1 co-scheduled UEs:
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R
· Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
· Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
Observation 4: Under 8/16 or even larger Tx scenarios, the CSI-RS overlap with PDSCH will have larger impact to the R-ML receiving performance due to more REs is used by the NZP CSI-RS.
Proposal 9: Consider signaling if the default assumption (the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE) is not valid, and RRC signaling is preferred.
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