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1. Introduction 
In RAN4#106bis PDSCH demodulation requirements for MU-MIMO with advance receiver were discussed and way forward [1] was agreed.  In this contribution we present our views on receiver assumptions for advanced receiver considered for mitigating inter- user interference in MU-MIMO.   
2. Discussion
Reference Receiver 
In RAN4#106bis-e the following options for reference receiver for R-ML were discussed:
Issue 1-1-1: Reference receiver assumption for R-ML
Candidate options:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell
· Option 2: R-ML receiver in terms of total layer (serving + interfering) and modulation order
· Option 3: UE performs joint detection on layers of one additional co-scheduled UE in addition to its own layers on the same frequency and time resource as its own allocation
· Option 4: Limit the number of co-scheduled UE is no more than 1 and the number of interference layers are no more than 2
Way forward
· This issue is highly related to how UE could obtain each requirement information and how NWA is designed.
· Discuss how to obtain each of the needed parameters.

Gains for R-ML receiver in MU-MIMO can be observed only when the UE performs joint detection on serving cell and all layers of co-scheduled UEs in a cell. With the assumptions of genie parameters for co-scheduled user R-ML can be performed on all co-scheduled layers. It is not practical to expect UE to perform R-ML on all co-scheduled UE layers with no network assistance information or with assumption of blind detection of all parameters. 
Observation #1: Gains from R-ML receiver in MU-MIMO is observed when UE performs joint detection of target and co-scheduled UEs from the cell.
Observation #2: It is not practical to expect UE to perform R-ML on all co-scheduled UE layers with no network assistance information or with assumption of blind detection of all parameters. 
Observation #3: The modulation order of co-scheduled UE layers needs to be known at the UE side and it is FFS if UE needs to detect it or it is provided via network assistance information.
Considering all the above points, the reference receiver assumption could be - UE performs joint detection with R-ML on co-scheduled layers with the same modulation order. With restriction on the total number of layers no more than 4, and same time allocation as target UE.
Proposal #1: Potential reference receiver definition with R-ML for MU-MIMO - UE performs joint detection on co-scheduled layers with the same modulation order. The total number of layers for target and co-scheduled UE are no more than 4. The time domain allocation is the same as target UE. 
Since the signaling of co-scheduled UE parameters are still FFS, we propose to defer receiver assumption until it is agreed.
Proposal #2: Defer discussion on receiver assumption for R-ML until there is agreement on NWA of co-scheduled UE parameters. 

Issue 1-1-2: Reference receiver
In the study phase it was agreed to study both E-MMSE-IRC and R-ML receivers. 
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.

On the reference receiver for defining requirements in phase 2 can be selected in RAN4#108 after conclusion of Phase 1.
Proposal #3: Select reference receiver for defining requirements in RAN4#108 after study phase completion. 
Required Information for Candidate Receivers
2.2.1 Information required for both E-MMSE-IRC and R-ML
In [1] the parameters needed for candidate receivers were discussed, with options on how they could be obtained. 
Issue 1-2-2-1: 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.

In LTE there were specific transmission modes for MU-MIMO. In NR there are no transmission modes. The presence of co-scheduled UE could be easily signaled by network without significant overhead. It can be implicitly signalled via other NWA parameters if agreed. 
Observation #4: The presence of co-scheduled UE can be easily signaled by network without significant overhead.
Proposal #4: Discuss the signaling on presence after decision on other parameters are reached.

Issue 1-2-2-2: 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.
· For the scrambling ID and  information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· 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
For the DMRS sequence information it was agreed that UE can assume the same as target UE for the co-scheduled UE. If the assumption doesn’t hold, some signaling is needed to indicate this to the UE. RRC based signaling Is needed for scrambling ID and DCI based signaling is needed for nSCID. 
Here is a summary of the signaling:
	scrambling ID
	nSCID
	RRC Signaling
	DCI Signaling

	Same as target UE
	Same as target UE
	0
	None

	Same as target UE
	Different
	0
	1 bit

	Different
	Same or different
	1 
	None



The DCI signaling could be potentially combined with other DCI signaling to invalidate default assumptions.
Proposal #5: For DMRS sequence if default assumption doesn’t hold -
                       - Introduce RRC signaling in case scrambling ID is different from target UE
 	        - Introduce DCI signaling in case nSCID is different from target UE
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
GTW agreements on Apr 17th:
· Dedicated DCI signaling is not preferred for the DMRS port information
· FFS whether assistant RRC signalling can be introduced to reduce the BD complexity and/or maintain reasonable CE performance for target UE
· Companies are encouraged to further evaluate BD performance including the detailed assumption:
· Number of co-scheduled UE for BD
· Time/frequency location of co-scheduled UE
Way forward
· Study the BD performance together with FDRA information as recommended in Issue 1-2-2-8.
· FFS whether to introduce additional assistant RRC signalling to restrict the BD complexity.

For DMRS port information it was encouraged to study the performance of blind detection. In our understanding DMRS port blind detection is not very complex, but the complexity arises when the UE has to blind detect with no indication of MU-MIMO scheduling, detect all possible ports other than its assigned ports for the entire PDSCH allocation/ BW with the possibility of varying number of co-scheduled layers across the bandwidth. Depending on the DMRS Type and max length the number of ports to be detected could be from 3-11 in the worst case across the entire PDSCH allocation. The UE complexity can be reduced by introducing an upper limit on the number of co-scheduled ports to be detected. 
Observation #5: The UE complexity in blind detection is from the number of ports to be detected rather than blind detection.
Observation #6: The number of ports to be detected across the entire PDSCH allocation could be from 3 to 11 in the worst case depending on DMRS type and max length. 
Observation #7: UE complexity could be reduced by introducing an upper limit on the number of ports to be detected. 
Proposal #6: Introduce upper bound on number of ports of co-scheduled UEs to be detected.
Issue 1-2-2-4: 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)

Signaling is needed if the default assumption is not valid, since there would be performance degradation if UE processes based on different PRB bundling size. 
Observation #5: Signaling is needed to indicate that default assumption is not valid.
Introduce RRC signaling if default assumption is not valid. Can be combined with other RRC signaling on default assumption validity indication. 
Proposal #7: Introduce RRC signaling to indicate that default assumption is invalid/valid for PRB bundling size.
Issue 1-2-2-5: 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.
· 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 DMRS boosting is different for co-scheduled UE if the number of CDM groups without data is different. RRC signaling is not sufficient here as the antenna port could changed dynamically. If the default assumption is not valid, DCI signaling is needed.
Proposal #8: Introduce DCI signaling to indicate if default assumption is valid/invalid for DMRS boosting of co-UE.
Issue 1-2-2-7: 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
If the default assumption is not valid, DCI based indication is needed if TDRA is different from co-scheduled UE.
Proposal #8: Introduce DCI signaling to indicate if TDRA is different for co-scheduled UE.


Issue 1-2-3-1: 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
· 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)
· 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.

For performance of MO blind detection would highly depend on the complexity of the algorithm and UE implementation. Since there is no baseline assumption on blind detection, we don’t think it’s of much value to evaluate performance of blind detection of MO. For the agreed simulation assumptions, we study the impact to performance with different levels of detection rate, presented in the table below.

Table 1: Performance impact with MO detection error
	Configuration
	MO Det. rate
	Degradation Compared to Genie MO


	
	
	90% Max TP
	80% Max TP
	70% Max TP

	2x2; 1+1 TDLC300100; Med Corr; 16QAM+QPSK
	95%
	0.8
	0.2
	0.1

	
	90%
	2.5
	0.4
	0.3

	
	85%
	4.3
	1
	0.5

	
	80%
	Inf
	1.5
	0.9

	4x4; 2+2 TDLA3010; 64QAM+16QAM
	95%
	5
	0.2
	0.2

	
	90%
	Inf
	0.4
	0.4

	
	85%
	Inf
	Inf
	0.7

	
	80%
	Inf
	Inf
	1



From the results above, we observe the following:
1. Performance degradation with missed detection is higher with higher rank for target and co-UE
2. With 2+2 90% max TP is barely achievable with only 5% detection error
3. Missed detection at higher SNR/ higher MCS leads to severe performance degradation
Observation #6: The performance is sensitive to MO detection errors with higher number of layers.
The performance benefit of R-ML receiver cannot be realized with genie MO information of co-scheduled UE. Close to genie MO is not practical and impossible with blind detection keeping in mind UE complexity. MO blind detection for more than 1 UE with different modulation order across co-scheduled layers is not practical in implementation.
Observation #7: The performance benefit with R-ML can only be realized with genie modulation order information of co-scheduled UE.
Observation #8: Close to ideal modulation order detection is not practical given UE complexity.
Observation #9: The modulation order detection for different modulations across co-scheduled layers is not practical in implementation. 
UE should be provided with network assistance signaling on modulation order or signaling to reduce the complexity at the UE. 
Proposal #9: Introduce NWA for modulation order for co-scheduled UE, or signaling to aid UE with modulation order detection. 
Issue 1-2-3-2: Content of the network signaling on modulation order 
Among the options caption in [1], we think proposal 1 is a good starting point to save UE complexity and achieve good performance with R-ML for MU-MIMO. 

	Bitfield
	coUE modulation order
	UE behavior

	000
	No UE which has same DMRS sequence with target paired
	SU-MIMO (MMSE-IRC)

	001
	PRB aligned
(Single coUE modulation
per PRB)
	UE fallback to MMSE-IRC or R-ML with blind detection with only 4 hypotheses (UE dependent)

	010
	Bandwidth aligned, QPSK 
	R-ML without modulation order detection

	011
	Bandwidth aligned, 16-QAM
	R-ML without modulation order detection

	100
	Bandwidth aligned, 64-QAM
	R-ML without modulation order detection

	101
	Bandwidth aligned, 256-QAM
	R-ML without modulation order detection

	110
	Bandwidth aligned, 1024-QAM
	R-ML without modulation order detection

	111
	PRB not aligned
(Multiple coUE modulations per PRB)
	UE fallback to MMSE-IRC or R-ML with blind detection (UE dependent)



Proposal #10: Use the table (proposal 2) as a starting point for NWA for modulation order signaling.
  
As discussed in the issues before, there are some parameters that UE assumes the same as target and we propose to introduce some signaling to indicate if that assumption is valid/invalid. The parameters are summarized below:
	Parameter
	Signaling on validity of default assumption

	Scrambling ID
	RRC

	nSCID
	DCI (conditional on scrambling ID assumption is valid)

	PRB bundling size
	RRC

	DMRS power boosting
	DCI

	TDRA
	DCI



All the parameters that need the same type of signaling can be combined to indicate validity of default assumption. Or the validity of all parameters can be indicated by DCI field alone with [0 0 0] below. 
	Bitfield
	coUE modulation order
	UE behavior

	000
	The default assumptions of one or more of the parameters is invalid 
	SU-MIMO (MMSE-IRC)

	001
	PRB aligned
(Single coUE modulation
per PRB)
	UE fallback to MMSE-IRC or R-ML with blind detection with only 4 hypotheses (UE dependent)

	010
	Bandwidth aligned, QPSK 
	R-ML without modulation order detection

	011
	Bandwidth aligned, 16-QAM
	R-ML without modulation order detection

	100
	Bandwidth aligned, 64-QAM
	R-ML without modulation order detection

	101
	Bandwidth aligned, 256-QAM
	R-ML without modulation order detection

	110
	Bandwidth aligned, 1024-QAM
	R-ML without modulation order detection

	111
	PRB not aligned
(Multiple coUE modulations per PRB)
	UE fallback to MMSE-IRC or R-ML with blind detection (UE dependent)



Proposal #11: Use DCI field ‘000’ to indicate that the default assumptions of one or more of the parameters of co-ue is invalid.
Since some of the DCI fields need UE to perform blind detection for modulation order or fall back to MMSE-IRC, it would be beneficial to also include RRC signaling on max modulation order table among all co-scheduled UEs. 
Proposal #12: Introduce RRC signaling to indicate max MCS table among co-scheduled UEs to assist UE with blind detection of modulation order. 

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:
Reference Receiver 
Observation #1: Gains from R-ML receiver in MU-MIMO is observed when UE performs joint detection of target and co-scheduled UEs from the cell.
Observation #2: It is not practical to expect UE to perform R-ML on all co-scheduled UE layers with no network assistance information or with assumption of blind detection of all parameters. 
Observation #3: The modulation order of co-scheduled UE layers needs to be known at the UE side and it is FFS if UE needs to detect it or it is provided via network assistance information.
Proposal #1: Potential reference receiver definition with R-ML for MU-MIMO - UE performs joint detection on co-scheduled layers with the same modulation order. The total number of layers for target and co-scheduled UE are no more than 4. The time domain allocation is the same as target UE. 
Proposal #2: Defer discussion on receiver assumption for R-ML until there is agreement on NWA of co-scheduled UE parameters. 
Proposal #3: Select reference receiver for defining requirements in RAN4#108 after study phase completion. 

Information required for E-MMSE-IRC and R-ML
Observation #4: The presence of co-scheduled UE can be easily signaled by network without significant overhead.
Proposal #4: Discuss the signaling on presence after decision on other parameters are reached.

Proposal #5: For DMRS sequence if default assumption doesn’t hold -
                       - Introduce RRC signaling in case scrambling ID is different from target UE
 	        - Introduce DCI signaling in case nSCID is different from target UE
Observation #5: The UE complexity in blind detection is from the number of ports to be detected rather than blind detection.
Observation #6: The number of ports to be detected across the entire PDSCH allocation could be from 3 to 11 in the worst case depending on DMRS type and max length. 
Observation #7: UE complexity could be reduced by introducing an upper limit on the number of ports to be detected. 
Proposal #6: Introduce upper bound on number of ports of co-scheduled UEs to be detected.
Observation #5: Signaling is needed to indicate that default assumption is not valid.
Proposal #7: Introduce RRC signaling to indicate that default assumption is invalid/valid for PRB bundling size.
Proposal #8: Introduce DCI signaling to indicate if default assumption is valid/invalid for DMRS boosting of co-UE.
Proposal #8: Introduce DCI signaling to indicate if TDRA is different for co-scheduled UE.
Observation #6: The performance is sensitive to MO detection errors with higher number of layers.
Observation #7: The performance benefit with R-ML can only be realized with genie modulation order information of co-scheduled UE.
Observation #8: Close to ideal modulation order detection is not practical given UE complexity.
Observation #9: The modulation order detection for different modulations across co-scheduled layers is not 
practical in implementation. 
Proposal #9: Introduce NWA for modulation order for co-scheduled UE, or signaling to aid UE with 
modulation order detection. 
Proposal #10: Use the table (proposal 2) as a starting point for NWA for modulation order signaling.
Proposal #11: Use DCI field ‘000’ to indicate that the default assumptions of one or more of the parameters of co-ue is invalid.
Proposal #12: Introduce RRC signaling to indicate max MCS table among co-scheduled UEs to assist UE with blind detection of modulation order. 
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