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1 Introduction
In RAN#100, the status report of Rel-18 WI of NR demodulation performance evolution, the work objective for advanced receiver to cancel inter-user interference for MU-MIMO is defined [1].  The work objective is to evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO. This work is split into two phases where the first phase studies the performance gain, reference receiver assumption, interference modelling, testability, required signalling overhead, as well as impact on other WGs. The initial receiver candidates are E-MMSE-IRC and R-ML. In the second phase it is expected to specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver.

2 Discussion
2.1 Background
[bookmark: _Hlk95316233]New test cases of PDSCH with intra-cell inter-user interference were introduced in Rel-17 test specification [2]. These requirements were defined assuming MMSE-IRC receiver to mitigate co-scheduled UE interference. For Rel-18 the work objective is to evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO for improved performance over Rel-17 baseline. In the previous meeting some agreements were already achieved to initiate the study phase simulations. In the following Chapter 2.2 we will discuss agreed receiver assumptions for study phase. Finally in the Chapter 2.3 we will discuss assistant information related issues.
2.2 Advanced receiver options
To improve receiver performance from Rel-17 MMSE-IRC solution, new advanced receiver to cancel inter-user interference for MU-MIMO is proposed to be introduced in Rel-18. The initial receiver candidates are E-MMSE-IRC and R-ML.

Sub-topic 1-1 Reference receiver
Reference receiver
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

This decision was related to modulation order of co-scheduled UE network assistant signalling agreements. With agreed network assistance signalling we see it feasible to do down selection to R-ML as the reference receiver.
Proposal #1: We support Option 1 to down select reference receiver options to R-ML only.
Sub-topic 1-2-2: Required information study
The modulation order information of the co-scheduled UE (Only required for R-ML)
On the evaluation assumption of modulation order blind detection
· It’s encouraged interested companies to further evaluate following case:
· Also evaluate the following case with more than 1 co-scheduled UEs:
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R, TDLC300-100, random precoding
· Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
· Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
Additional RRC-based network assistant signaling:
· Introduce RRC signaling to discriminate MCS table with 256QAM or 1024 QAM enable or not for co-scheduled UEs (optional)
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

The total number of layers for target and co-schedules UE have been limited to 4 during study phase of this work item. Therefore, we see it feasible to apply the same limitation to Rel-18 requirements. This would be easily achieved by limiting configuration to Proposal 2 DMRS configuration of dmrs-Type=1 with maxLength=1. In addition, for other DMRS configuration we could add new RRC signalling to select DMRS ports for blind detection of advanced receiver and limit total number of DMRS ports to 4. In Rel-18 scope we suggest limiting requirements to DMRS configurations of dmrs-Type=1 with maxLength=1 and leave other DMRS configurations for future releases.
Proposal #2: We support Option 2 to limit DMRS configuration to dmrs-Type=1 with maxLength=1 in Rel-18 WI scope.
2.3 Assistant information discussion
One goal in work item description is to find if any assistant information is needed for advanced receiver. There are several open issues related to assistant information identified in the last meeting listed in WF [3]. These issues are discussed in this chapter.
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.

Frequency domain resource allocation for the co-UE across different PRGs of the target UE:
N/A (Obtained by UE blind detection)
N/A
No signalling on frequency domain resource allocation information.


In the previous meeting it was agreed that signalling of DMRS port and frequency domain resource allocation of co-scheduled UE would require too high signalling overhead and UE must rely on blind detection.
Proposal #3: We support to not introduce DMRS port related RRC signalling in Rel-18 WI scope.

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 signalling 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 signalling 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 signalling needed or not


In the previous meeting it was agreed to introduce 1-bit RRC signalling to invalidate RAN4 default assumption for previous 3 items. To follow agreement, we propose RAN4 to prepare LS to RAN2 to implement requested signalling. Also, we see these invalidated assumptions so marginal scenarios that we see separate UE capabilities as overkill, even they would help network to know deterministic UE behaviour.
Proposal #4: We support sending LS to RAN2 to implement proposed 1-bit RRC signalling of 3 listed items.
Proposal #5: We support to not introduce separate UE capabilities to proposed 1-bit RRC signalling of 3 listed items.
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 the previous meeting we had discussion if CSI-RS of co-scheduled UE could overlap with target PDSCH, and this be signalled to UE with 1-bit RRC signalling. We don’t see misaligned CSI-RS configurations as practical network configuration. Therefore, we do not see a need to additional signalling.
Proposal #6: We support to not introduce 1-bit RRC signalling for misaligned CSI-RS configurations.

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
MCS table of co-scheduled UE (Only required for R-ML)
Same as target UE
Introduce dedicated RRC signalling to indicate whether the 1024-QAM MCS table is used or not
FFS separate UE capability corresponding the dedicated RRC signalling needed or not


In the previous meeting it was agreed to introduce 1-bit RRC signalling to indicate if MCS table of co-scheduled UE would contain 1024-QAM or not. To follow agreement, we propose RAN4 to prepare LS to RAN2 to implement requested signalling. This information is only helping UE to limit co-scheduled UE modulation order blind detection complexity and we do not see any need for separate UE capability.
Proposal #7: We support sending LS to RAN2 to implement proposed 1-bit RRC signalling of MCS table.
Proposal #8: We support to not introduce separate UE capabilities to proposed 1-bit RRC signalling of MCS table.


	Capability
	Bit field mapped to index
	Content

	1
	2
	3
	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	
	
	
	1
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have QPSK scheduled

	
	
	
	2
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 16QAM scheduled

	
	
	
	3
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 64QAM scheduled

	
	
	
	4
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 256QAM scheduled

	
	
	
	5
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 1024QAM scheduled

	
	
	
	6
	Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist

	
	
	
	7
	Others



In the previous meeting it was agreed to introduce 3-bit DCI signalling for co-scheduled UE modulation order information. In general, Rel-18 UE capability for MIMO advanced receiver is needed. We see following capability signalling options
1. Rel-18 advance receiver without blind detection of modulation order (bit-fields 0-5)
· Low-end UE
2. Rel-18 advance receiver with low complexity blind detection of modulation order (bit-fields 0-6)
· Medium-end UE
3. Rel-18 advance receiver with blind detection of modulation order (bit-fields 0-7)
· High-end/flagship UE
We see that by introducing 3 step UE capability for different category UE would help to productize advanced receiver in many UE categories.
Proposal #9: We support to introduce 3 level UE capabilities for MIMO advanced receiver as listed.




3 Conclusion
In this paper we provided the view on the advanced receiver to cancel inter-user interference for MU-MIMO. The following observations and proposals are made:
Proposal #1: We support Option 1 to down select reference receiver options to R-ML only.
Proposal #2: We support Option 2 to limit DMRS configuration to dmrs-Type=1 with maxLength=1 in Rel-18 WI scope.
Proposal #3: We support to not introduce DMRS port related RRC signalling in Rel-18 WI scope.
Proposal #4: We support sending LS to RAN2 to implement proposed 1-bit RRC signalling of 3 listed items.
Proposal #5: We support to not introduce separate UE capabilities to proposed 1-bit RRC signalling of 3 listed items.
Proposal #6: We support to not introduce 1-bit RRC signalling for misaligned CSI-RS configurations.
Proposal #7: We support sending LS to RAN2 to implement proposed 1-bit RRC signalling of MCS table.
Proposal #8: We support to not introduce separate UE capabilities to proposed 1-bit RRC signalling of MCS table.
Proposal #9: We support to introduce 3 level UE capabilities for MIMO advanced receiver as listed.
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