3GPP TSG-RAN WG4 Meeting # 108												      R4-2314262
Toulouse, France, August 21 - August 25, 2023

[bookmark: _GoBack]Agenda item:			8.18.1
Source:	Moderator (China Telecom)
Title:	Topic summary for [108][326] NR_demod_enh3_Part1
Document for:	Information
Introduction
This contribution summarizes the open issues, candidate options as well as the recommended WF for the advanced receiver for MU-MIMO part of the Rel-18 NR demodulation requirement evolution WI: in agenda 8.18.1.1 and 8.18.1.2.
Topic #1: Receiver assumption and NWA signaling
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311094
	China Telecom
	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.

	R4-2311352
	Apple
	Reference Receiver 
Observation #1: 	Large gains with R-ML are observed when modulation order of co-UE is smaller than target UE. 
Observation #2: 	Performance evaluation results are based on genie knowledge of co-UE’s parameters.
Observation #3: 	RAN4 agreed DCI based signalling for NWA on modulation order of co-scheduled UE.
Observation #4: 	R-ML receiver with blind detection on co-UE modulation order increases complexity. 
Proposal #1: 	With the assumption that DCI based signaling for NWA on modulation order is agreed, RAN4 can select R-ML as reference receiver for requirements definition in Phase 2. 
Proposal #2: 	Define R-ML receiver for maximum 4 layers across target and co-UE, with DMRS configuration type 1 with length 1.
Information required for E-MMSE-IRC and R-ML
Observation #5: 	Knowledge of PDSCH resource allocation type of co-UE can assist with blind detection of DMRS ports and FDRA . 
Proposal #3: 	Default assumption on PDSCH resource allocation type of co-UEs same as target UE
Proposal #4: 	Introduce 1-bit RRC signaling to indicate if default assumption on PDSCH resource allocation type is not valid.
Proposal #5: 	Introduce 1-bit RRC signaling to indicate if default assumption on CSI-RS location of co-scheduled UE is not valid.
Proposal #6: 	Introduce 2-bit RRC signaling to indicate MCS table or maximum modulation order of co-UEs.
Proposal #7: 	In case DCI based NWA for modulation order is not agreed in RAN1, RAN4 should further discuss possibility of indicating modulation order NWA via MAC-CE.
Proposal #8: 	Introduce the following RRC signaling:
-      2-bit signaling for maximum modulation order
-	1 bit to indicate if default assumption on precoding granularity is not valid
-	1 bit to indicate if default assumption on DMRS power boosting for the co-scheduled UE
-	1 bit to indicate if default assumption on Time domain resource allocation information of the co-scheduled UE is not valid
-	1 bit to indicate if default assumption on CSI-RS location of the co-scheduled UE is not valid
-	1-bit RRC signaling if default assumption on PDSCH resource allocation type is not valid.
UE capability
Proposal #9: 	Introduce the following UE capabilities:
-      UE supporting R-ML without modulation order blind detection of co-scheduled layers 
-      UE supporting R-ML with modulation order blind detection 
-      Maximum number of layers of co-UE or total number of layers for joint detection
-      UE capability on maximum number of DMRS ports for blind detection 
Proposal #10: Send LS to RAN2 on RRC signaling for NWA and UE capabilities

	R4-2311512
	ZTE Corporation
	Observation 1. Blind detection of modulation order has no performance degradation in Rank 1+1 scenario.
Observation 2. Computational complexity is a bottleneck factor for blind detection. 
Observation 3. Extra RRC Signalling can reduce computational complexity.
Proposal 1. To consider make down select to R-ML as the reference receiver.
Proposal 2. To consider DMRS configurations of dmrs-Type=1 with maxLength=1.
Proposal 3. No need to consider additional RRC signaling for DMRS port.
Proposal 4. To consider UE capability with the corresponding dedicated RRC signalling for PRB bundle size and frequency domain resource allocation.
Proposal 5. No need to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting.
Proposal 6. No need to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting.
Proposal 7. To consider RRC signalling to inform target UE RS location information of the co-schedule UE.

	R4-2311737
	Nokia, Nokia Shanghai Bell
	Reference Receiver
Observation 1: Current results from cases 1 to 8 shows R-ML as better receiver as compared to E-IRC.
Observation 2: Results for cases 9-16 with blind detection of parameters are not yet available from all companies and will be required to make final decision on reference receiver for these usecases.
Proposal 1: For cases 1 to 8 use R-ML as reference receiver for requirement definition.
Proposal 2: Keep the decision on reference receiver open for cases 9 to 16 until we have aligned simulation results.
The modulation order information of the co-scheduled UE (Only required for R-ML)
Observation 3: The exact modulation order of each co-UE cannot be signaled to the target UE using the agreed DCI bits when it is a case of 2 co-UEs using different modulation orders.
Observation 4: Target UE needs to detect presence of 2 co-UEs and then detect their respective FDRA, DMRS ports in the case of 2 co-UEs. In case of different modulation order for the two co-UEs, the target UE must blindly detect the modulation order for each co-UE when using R-ML receiver.
Gain of introducing aid in form of ZP-CSI-RS
Observation 5: ZP-CSI-RS in MU-MIMO slot helps target UE to detect modulation order of co-UEs and thereby close the gap between genie R-ML receiver performance and aided blind detection R-ML receiver performance.
Proposal 3: Evaluate case of 2 co-scheduled UEs as proposed in WF [1] with following ZP-CSI-RS configuration:
a.	Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R, TDLC300-100, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs frequency multiplexed
i.	Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
ii.	Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
b.	Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 4T4R, TDLA30-10, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs spatially multiplexed.
i.	Co-UE1: Full CHBW allocation (0~51 PRBs) with QPSK rank 1, DMRS port 1001
ii.	Co-UE2: Full CHBW allocation (0~51 PRBs) with 16QAM rank 1, DMRS port 1002
Proposal 4: RAN4 to analyze 2 co-UE with different MO and FDRA results in RAN4#108, and declare the scenarios infeasible, if contributors cannot reach <10%BLER. Consider additional/alternative approaches to aid of BD in such a scenario.
Proposal 5: RAN4 to limit the number of target and co-scheduled UE layers to 4 with DMRS Type 1 and max length of 1 OFDM symbol for R-ML receiver.
The DMRS port information for the co-scheduled UE
Observation 6: UE can detect the DMRS port information of the co-scheduled UE with high level of precision in case of Type 1 DMRS with max length of 1 OFDM symbol.
Proposal 6: Do not introduce additional RRC signalling for DMRS port information of the co-scheduled UE in case of up to 4 layers.
Separate UE capability corresponding to dedicated RRC signalling
Observation 7: It will be highly useful for the network to know, if a UE has capability to still maintain good performance if one or more default assumptions are invalidated.
Proposal 7: Introduce individual UE capabilities corresponding to the dedicated RRC signalling of:
- PRB bundling size for the co-scheduled UE Frequency domain resource allocation for the co-UE within each PRG of the target UE
- DMRS power boosting for the co-scheduled UE
- Time domain resource allocation information of the co-scheduled UE
CSI-RS location of co-scheduled UE (Only required for R-ML)
Observation 8: NW can make sure PDSCH of the target UE is not overlapped with the CSI-RS of the co-scheduled UE.
Proposal 8: UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE. Do not introduce RRC signalling to indicate default assumption does not hold (option 1).
Capability signalling for advanced receiver for MU-MIMO (If introduced)
Observation 9: It will be of great advantage for the network to know if a UE targeted for MU-MIMO is capable of doing blind detection of co-scheduled UE modulation order.
Proposal 9: Introduce UE capability signalling to indicate if a UE supports blind detection of co-scheduled UE modulation order. FFS: The maximum number of co-scheduled UEs, which the target UE can do MO blindly detection of if UE indicates capability of MO blind detection.
LS to RAN2 on UE capability and network assistant signalling for advanced receivers
Proposal 10: RAN4 to send LS proposal provided in R4-2313734 to RAN2 requesting RAN2 to introduce the RAN4 agreed UE capability and NWA signalling.

	R4-2311738
	Nokia, Nokia Shanghai Bell
	This paper presents Nokia's simulation results for the study on blind detection for detecting interference parameters.
In the paper, the following Observations were made: 
Observation 1: R-ML blind detection has a significant performance gap to genie R-ML and cannot achieve 90% of maximum throughput with 2 co-scheduled UEs.
Observation 2: R-ML with aided blind detection can achieve 90% of maximum throughput and has marginal performance gap to genie receiver with 2 co-scheduled UEs.

	R4-2311776
	Qualcomm Incorporated
	Observation 1: The previous agreement on PRG boundary alignment has to be clarified for the following aspects:
Whether the resource allocation and precoding of all the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with the target UE when PRG=2 or 4.
•	The sentence implies that precoding has to be aligned, but it is ambiguous that whether the boundary of precoding has to be aligned, or the precoding matrixes of target UE and co-scheduled UE(s) has to be aligned.
•	The “aligned with the target UE when PRG=2 or 4” is ambiguous on whether the alignment is for PRG or the whole allocation for the target UE.
•	The resource allocation alignment may imply different layers on the same target UE PRG have to be allocated to the same co-scheduled UE, which should be reflected by DCI signaling instead of RRC signaling.
We can refer to RAN1 spec language:
The UE does not expect the precoding of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be different in the PRG-level grid configured to this UE with PRG =2 or 4.
The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4.
Proposal 1: Revise the previous agreement on PRG boundary alignment as follows to clarify the alignment:
•	For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, whether its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
Proposal 2: Based on the agreement in the previous meeting, we propose the following text for LS to RAN2 explaining the RAN4 agreed RRC signaling:
The information in each of the bullets is signaled separately in a dedicated RRC based signaling parameters.
•	For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, whether its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
•	Whether the DMRS power boosting configurations of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
•	Whether the time domain resource assignment for PDSCH symbols of all the potential DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
•	Among all MCS tables configured to the potential DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 
o	1024QAM MCS table, or 
o	256QAM or 64QAM MCS table
Note that DMRS sequence aligned co-scheduled UE(s) refers to the co-scheduled UE(s) which has same DMRS sequence as the target UE.
In addition, RAN4 agrees that the existence of the MU-MIMO DCI signalling, as included in the LS R4-2309895,  is configured by RRC signalling.
A draft of LS description is included in Appendix.
Proposal 3: We observe the following issues in the agreed DCI signaling and propose the resolution below:
•	We already agree that PRG alignment is a common case and is a necessary condition for R-ML receivers. Therefore, we propose to revise PRB in index 1-6 to PRG.
•	In index 6, we specified that the constraint applies “when co-scheduled UEs exists”. However, it is not specified that whether indexes 1-5 include the case that co-scheduled UE doesn’t exist on some of the PRGs allocated to the target UE. Since indexes 1-5 target the target UEs without detection capability, we may consider aligned PRG allocation between target and co-scheduled UEs. We propose the following wording change for clarification:
All the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, scheduled with QPSK transmission.
Observation 2: We observe the following issue that prevent UE vendors from implementing blind modulation order detection because it leads to a worse performance then UEs without blind modulation order support
•	When there are UEs with and without the capability of blind modulation order detection served by the same network, the network MU-MIMO scheduling scheme may unintentionally punish the blind modulation order detection capable UE by 
o	allocating the resources with aligned modulation order to the UEs without blind modulation capability and signaling the interfering modulation order
o	while allocating the resources with misaligned modulation order to UEs with blind modulation detection capability and without signaling the interfering modulation order directly. 
•	Then the UE with blind modulation order detection capability may have worse performance and throughput than the UE without blind detection due to possible miss detection of modulation order. 
•	This may lead to so called “Bad money drives out good” scenario that disincentivizes UE vendors to implement blind modulation order detection since it leads to a worse performance instead of better, and we end up with no UE supporting blind modulation order detection.
•	Less or no UEs with blind modulation order detection makes the MU-MIMO scheduling on the network side more complicated with more constraints, and may degrade the system performance and MU-MIMO gain when network can’t optimize the scheduling due to limitation on modulation order matching. 
Proposal 4: We propose two alternatives for MU-MIMO DCI signaling
•	Option 1: 1 bit signaling without modulation order information
Bit field mapped to index	Content
0	No co-scheduled UE(s) which has same DMRS sequence as target UE exists
1	Others
•	Option 2: two bits signaling in which all the cases require blind modulation order detection but with different levels of complexity, and also fix the PRG granularity issue.
Bit field mapped to index	Content
00	No co-scheduled UE(s) which has same DMRS sequence as target UE exists
01	In all the PRGs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have the same modulation order.
10	In each individual PRG 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
11	Others
Observation 3: UE can always run R-ML algorithm (even with the support of blind modulation order detection) only when all the following conditions are satisfied:
•	For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, its precoding and resource allocation are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
•	The DMRS power boosting configurations of all the DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
•	The time domain resource assignment for PDSCH symbols of all the DMRS sequence aligned co-scheduled UE(s) are same as the target UE.
•	Among all MCS tables configured to the DMRS sequence aligned co-scheduled UE(s), the maximum MCS table is 256QAM or 64QAM MCS table
•	In each individual PRB allocated to the target UE: 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
•	All the co-scheduled UE are DMRS sequence aligned.

	R4-2311998
	MediaTek Inc.
	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.

	R4-2312354
	Samsung
	Proposal 1: Support option 1 (Down select to R-ML as the reference receiver) if we plan to define requirements in phase II for only one advanced receiver.
Proposal 2: Do not down-select candidate reference receivers if we consider to define two sets of requirements for MU-MIMO advanced receivers in phase II.
Proposal 3: No need to introduce proposal 1 (The total number of layers for target and co-scheduled UE are no more than 4) or proposal 2 (Limit the study to DMRS configurations of dmrs-Type=1 with maxLength=1) as additional assumptions for the R-ML receiver.
Observation 1: RAN1 has decided to increase DMRS ports in Rel.18 and introduce new parameter enhanced-dmrs-Type_r18 similar as dmrs-type, and at the same time RAN1 not prefer to introduce restriction between Rel.18 UE with Rel.18 legacy DMRS ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15-18 UE indicated with Rel.15 DMRS ports in a CDM group. If this enhanced DMRS type should be considered, our conclusion in RAN4#106bis-e WF about DMRS sequence using the same DMRS type may need update.
Proposal 4: Clarify whether the enhanced DMRS type introduced in Rel.18 should be considered or not in this WI.
Proposal 5: Support to introduce the assistant RRC signalling such as upper bound on number of ports of co-scheduled UEs to be detected.
Proposal 6: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for PRB bundling size of co-scheduled UEs) needed or not.
Proposal 7: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for DMRS power boosting of the co-scheduled UEs) needed or not.
Proposal 8: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for time domain resource allocation information of the co-scheduled UEs) needed or not.
Proposal 8: Do not introduce separate UE capability corresponding the dedicated RRC signaling (for time domain resource allocation information of the co-scheduled UEs) needed or not.
Proposal 10: Introduce new UE capability about MU-MIMO advanced receiver, in case the network transmit MU-MIMO related NWA to the UE without MU-MIMO advanced receiver capability. Furthermore, introduce new UE capability about R-ML receiver with and without modulation order blind detection, network could use more flexible scheduling strategies correspondingly.

	R4-2312546
	Ericsson
	Proposal 1: Do not introduce additional RRC/DCI-based network assistance signaling for the DMRS port information of the co-scheduled UE.
Proposal 2: Do not introduce RRC-based signaling to inform UE whether the default assumption of CSI-RS location is valid.
Proposal 3: Introduce per CC per band per band combination (Per-FSPC) UE capabilities for Rel-18 MU-MIMO receivers as follows:
•	UE supporting Rel-18 MU-MIMO receiver with the blind detection of co-scheduled UE modulation order
•	UE supporting Rel-18 MU-MIMO receiver without the blind detection of co-scheduled UE modulation order
Proposal 4: Introduce a per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO receivers as follows:
•	Maximum modulation orders of interfering DMRS ports supported by Rel-18 MU-MIMO receiver.
Proposal 5: RAN4 assume the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO receiver is derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH.
Proposal 6: UE can report its preference of the maximum number of interfering DMRS ports supported by Rel-18 MU-MIMO.
•	Option 1: Reuse the existing IEs: maxMIMO-LayerPreference-r16 or reducedMIMO-LayersFR1-DL. The preferred maximum DMRS ports are derived by subtracting the scheduled MIMO layers for the target UE from maxMIMO-LayerPreference-r16/reducedMIMO-LayersFR1-DL.
•	Option 2: Introduce a dedicated UE assistance information to inform the preferred total maximum MIMO layers for Rel-18 MU-MIMO receivers for both power saving purpose and overheating protection purposes.

	R4-2313267
	Huawei, HiSilicon
	Proposal 1: Keep candidate reference receiver open and make the decision on August meeting based on RAN1’s agreements on LS related to modulation order information
Proposal 2: Don’t introduce DMRS port information for the co-scheduled UE
Proposal 3: Define three separate RRC bits to explicitly indicate whether the following configuration is true or not 
	UE assume in each PRG-level grid, the resource allocation and precoding of the potential DMRS sequence of co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with the serving UE with PRG=2 or 4.
	DMRS power boosting should be the same for both target and the co-scheduled UE.
	OFDM symbols for PDSCH is assumed to be the same for target UE and co-scheduled UE
Proposal 4: Apply the RRC signalling to both E-MMSE-IRC receiver and R-ML receiver
Proposal 5: No need to introduce RRC signalling to indicate whether CSI-RS location of paired UEs is overlapped.
Proposal 6: Define one dedicate RRC bit to indicate the existence of DCI signalling for the modulation order information of co-scheduled UE.

	R4-2313734
	Nokia, Nokia Shanghai Bell
	LS on UE capability and network assistant signalling for advanced receivers



Open issues summary
Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Selection of reference receiver (To be discussed on Monday)
· Status in the last meeting WF in R4-2309892
	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


· Proposals:
· Option 1: Down select to R-ML as the reference receiver (China Telecom, ZTE, MTK, Apple if assistant DCI signalling can be introduced)
· Option 2: Keep the decision open (Nokia, Huawei)
· HW: Make the decision on August meeting based on RAN1’s agreements.
· Option 3: Down select to R-ML if requirements for only one advanced receiver is defined. Do not down-select if we consider to define two sets of requirements in phase II (Samsung)
· Recommended WF
· Considering the phase I study will be completed for this meeting, can companies agree the following:
· Down select to R-ML as the reference receiver.
· The above decision can be revisited in case DCI-based assistant signalling cannot be introduced in RAN1.

Issue 1-1-2: Additional assumptions to the R-ML receiver (To be discussed on Monday)
· Status in the last meeting WF in R4-2309892
	Candidate options:
· 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


· Proposals:
· Option 1: R-ML receiver for maximum 4 layers across target and co-UE, with DMRS configuration type 1 with length 1 (Apple, ZTE, Nokia, MTK)
· Samsung: RAN1 has decided to increase DMRS ports in Rel.18 and introduce new parameter enhanced-dmrs-Type_r18, RAN4 should clarify whether the enhanced DMRS type introduced in Rel.18 should be considered.
· Option 2: Not to have additional assumptions to the R-ML receiver (China Telecom, Samsung)
· CTC: If there is a need to limit the R-ML processing complexity, use similar approach as R-ML for SU-MIMO, i.e., on each RE, the R-ML for at most X streams, where X is the total number of the target and co-scheduled layer, and X ≤ UE Rx number.
· Recommended WF
· Need discussion on whether Rel-18 enhanced DMRS could be supported in this WI.
· Need discussion on the 2 options above.

Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Required information of the co-scheduled UE for both R-ML and E-IRC
Issue 1-2-1-1: The DMRS port information for the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2309892
	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.


· Proposals on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port (ZTE, China Telecom, MTK, Ericsson, Huawei, Nokia in case maximum 4 layers is assumed to be handled)
· Option 2: Introduce the assistant RRC signalling such as upper bound on number of ports of co-scheduled UEs to be detected (Samsung)
· Spreadtrum: Observations from the simulation results
· The higher SNR point is more sensitive to the DMRS port detection error, it’s observed that DMRS port detection error leads to higher performance loss in the higher SNR case, e.g test number 5 shows 2.1dB loss due to FDRA and DMRS port blind detection error, while the corresponding loss in test number 4 is 0.3dB, while noting the two test cases show the highest difference of SNRs.
· Recommended WF
· Option 1 considering the majorities’ view?

Issue 1-2-1-2: The PRB bundling size and frequency domain resource allocation for the co-UE within each PRG of the target UE
· Status in the last meeting WF in R4-2309892
	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


· Proposals on updated RAN4 default assumption:
· Proposal 1: Update the wording of the default assumption as below (Qualcomm)
· For a potential DMRS sequence aligned co-scheduled UE in a different CDM group than the target UE, the UE assumes the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4
· Proposals on RRC signaling details:
· Option 1: Define explicit RRC bit to indicate validation of the default assumption when the related RRC bit is set to true or false (Huawei)
· HW: When the RRC signalling is absent, UE has no idea whether the default assumption is valid or network doesn’t implement this signalling.
· Proposals on whether to introduce UE capability corresponding the dedicated RRC signalling:
· Option 1: To consider UE capability with the corresponding dedicated RRC signalling (ZTE, Nokia)
· ZTE: Under invalid assumption scenarios, R-ML could be workable with per PRB detection
· Option 2: Not introduce separate UE capabilities to proposed 1-bit RRC signalling (MTK, Samsung, China Telecom unless clear UE behaviour can be decided)
· Recommended WF
· On the updated RAN4 default assumption:
· Check if proposal 1 can be agreeable?
· On RRC signaling details:
· Check if option 1 can be agreeable.
· On whether to introduce UE capability corresponding the dedicated RRC signalling:
· Discussion is needed.

Issue 1-2-1-3: The DMRS power boosting for the co-scheduled UE
· Status in the last meeting WF in R4-2309892
	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

	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


· Proposals on RRC signaling details:
· Option 1: Define explicit RRC bit to indicate validation of the default assumption when the related RRC bit is set to true or false (Huawei)
· Proposals on whether to introduce UE capability corresponding the dedicated RRC signalling:
· Option 1: To consider UE capability with the corresponding dedicated RRC signalling (Nokia)
· Option 2: Not to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting (ZTE, MTK, Samsung, China Telecom unless clear UE behaviour can be decided)
· Recommended WF
· On RRC signaling details:
· Check if option 1 can be agreeable.
· On whether to introduce UE capability corresponding the dedicated RRC signalling:
· Can option 2 be agreeable based on majorities’ view?

Issue 1-2-1-4: Time domain resource allocation information of the co-scheduled UE
· Status in the last meeting WF in R4-2309892
	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

	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


· Proposals on RRC signaling details:
· Option 1: Define explicit RRC bit to indicate validation of the default assumption when the related RRC bit is set to true or false (Huawei)
· HW: When the RRC signalling is absent, UE has no idea whether the default assumption is valid or network doesn’t implement this signalling.
· Proposals on whether to introduce UE capability corresponding the dedicated RRC signalling:
· Option 1: To consider UE capability with the corresponding dedicated RRC signalling (Nokia)
· Option 2: Not to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting (ZTE, MTK, Samsung, China Telecom unless clear UE behaviour can be decided)
· Recommended WF
· On RRC signaling details:
· Check if option 1 can be agreeable.
· On whether to introduce UE capability corresponding the dedicated RRC signalling:
· Can option 2 be agreeable based on majorities’ view?

Issue 1-2-1-5: Frequency domain resource allocation for the co-UE across different PRGs of the target UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2309892
	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

	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.


· Proposals:
· Option 1: UE assume the same FDRA for target and co-UE, and introduce 1-bit RRC signalling to indicate if default assumption not valid (Apple)
· Recommended WF
· Encourage feedback.

Sub-topic 1-2-2: Required information of the co-scheduled UE for R-ML only
Issue 1-2-2-1: CSI-RS location of co-scheduled UE
· Status in the last meeting WF in R4-2309892
	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
	


· Proposals:
· Option 1: Introduce 1-bit RRC signalling to indicate if default assumption on CSI-RS location of co-scheduled UE is not valid (Apple, ZTE)
· CTC: 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.
· Option 2: Not introduce RRC signalling to indicate default assumption does not hold (Nokia, MTK, Ericsson, Huawei)
· HW, E///, Nokia: cell-specific CSI-RS is widely used which means aligned CSI-RS configuration for co-scheduled UEs is common.
· Recommended WF
· Based on infra vendors’ feedback that the default assumption invalid scenario is not common, can we agree option 2?

Issue 1-2-2-2: The modulation order information of the co-scheduled UE (DCI based assistant signaling) (To be discussed on Monday)
· Status in the previous meetings:
	In RAN4#106bis-e, the following assumptions for R-ML with modulation order blind detection is agreed in WF R4-2305914:
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.
In RAN4#107, the approved LS to RAN1 in R4-2309895 has included the complete DCI based assistant signaling for R-ML.
	Bit field mapped to index
	Content

	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





· Proposals on wording updates to the previous approved LS to RAN1:
· Proposal 1: (Qualcomm)
· For indexes 1-5, In all the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, scheduled with QPSK/16QAM/… transmission.
· For indexes 1-6, revise ‘PRB’ to ‘PRG’
· Proposals on alternative DCI signalling:
· Technical concern from Qualcomm:
· The network MU-MIMO scheduling scheme may punish the blind modulation order detection capable UE by 
· Allocating the resources with aligned modulation order to the UEs without blind modulation capability and allocating the resources with misaligned modulation order to UEs with blind modulation detection capability.
· Then UE with blind modulation order detection capability may have worse performance
· Option 1: 1 bit signaling without modulation order information (Qualcomm)
	Bit field mapped to index
	Content

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

	1
	Others


· Option 2: 2-bit signaling in which all the cases require blind modulation order detection but with different levels of complexity (Qualcomm)
	Bit field mapped to index
	Content

	00
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	01
	In all the PRGs allocated to the target UE, all the co-scheduled UEs, which has the same DMRS sequence as the target UE, have the same modulation order.

	10
	In each individual PRG 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

	11
	Others


· Proposals in case DCI based NWA is not agreed in RAN1:
· Option 1: RAN4 should further discuss possibility of indicating modulation order NWA via MAC-CE (Apple)
· Option 2: E-MMSE-IRC will be selected (Huawei)
· Recommended WF
· On wording updates to the previous approved LS to RAN1:
· Based on proposal 1, discuss if any update on the wording of LS is needed.
· On alternative DCI signalling:
· The previous agreement is kept unless any new agreement can be reached.
· Proposals in case DCI based NWA is not agreed in RAN1:
· It is recommended to FFS this issue pending RAN1 conclusions after this meeting.

Issue 1-2-2-3: The modulation order information of the co-scheduled UE (RRC based assistant signaling)
· Status in the last meeting WF in R4-2309892
	Agreed 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)


· Proposals on RRC based assistant signaling details:
· Option 1: 2-bit RRC signaling to indicate MCS table or maximum modulation order of co-UEs (Apple)
· Option 2: 1-bit RRC signalling to indicate whether the 1024-QAM MCS table is used or not (MTK, Qualcomm)
· Recommended WF
· Encourage feedback.

Issue 1-2-2-4: Additional evaluation on modulation order blind detection (To be discussed on Monday)
· Status in the last meeting WF in R4-2309892
	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


· Proposals:
· Option 1: RAN4 to analyse 2 co-UE with different MO and FDRA with ZP-CSI-RS aided blind detection (Nokia)
· Nokia’s proposal on the exact evaluation assumption and ZP CSI-RS configuration: 
	Evaluate case of 2 co-scheduled UEs as proposed in WF [1] with following ZP-CSI-RS configuration:
a.	Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R, TDLC300-100, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs frequency multiplexed
i.	Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
ii.	Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
b.	Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 4T4R, TDLA30-10, random precoding, DMRS port 1000. Aperiodic ZP-CSI-RS with Single port, density 0.5, l_0=3, k_0=0, full CHBW, triggered using DCI in every MU-MIMO slot.
Co-UEs spatially multiplexed.
i.	Co-UE1: Full CHBW allocation (0~51 PRBs) with QPSK rank 1, DMRS port 1001
ii.	Co-UE2: Full CHBW allocation (0~51 PRBs) with 16QAM rank 1, DMRS port 1002


· Observations from the simulation results:
· Spreadtrum: R-ML SNR loss due to modulation order detection error increases with the modulation order increment, it‘s observed that 64QAM shows the highest SNR loss among the three MOs of 64QAM, 16QAM and QPSK.
· Recommended WF
· Encourage feedback

Sub-topic 1-3 UE capability aspects 
Issue 1-3-1: Capability signalling for advanced receiver for MU-MIMO (If introduced) (To be discussed on Monday)
· Status in the last meeting WF in R4-2309892
	Candidate options
· Option 1: Define optional UE capability signaling on MU-MIMO advanced receiver capability:
· Option 1A: UE supporting R-ML receiver with and without modulation order blind detection
· Other options are not precluded


· Proposals on whether to consider UE capability signalling for Rel-18 advanced receiver for MU-MIMO:
· Option 1: Introduce optional UE capability signaling on MU-MIMO advanced receiver (China Telecom, Apple, Nokia, MTK, Samsung)
· Proposals on UE capability signalling details:
· On indication if a UE supports modulation order blind detection or not
· Option 1: UE capability signaling to indicate if a UE supports modulation order blind detection or not (Nokia, Samsung, Ericsson, Apple, MTK)
· MTK: introduce 3 level UE capabilities for MIMO advanced receiver, i.e., R-ML without blind detection (bit-fields 0-5), R-ML with low complexity blind detection (bit-fields 0-6), R-ML with blind detection (bit-fields 0-7)
· Option 2: Define optional features based on UE’s declaration without capability signaling for UE with and without modulation order blind detection (Huawei)
· China Telecom: 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.
· On indication of UE maximum supported layers and modulation order:
· Option 1: (Apple)
· Maximum number of layers of co-UE or total number of layers for joint detection
· UE capability on maximum number of DMRS ports for blind detection
· Option 2: (Ericsson)
· Maximum modulation orders of interfering DMRS ports supported.
· Maximum number of interfering DMRS ports supported, which is derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH
· Recommended WF
· It can be agreed to inform the network UE supports Rel-18 advanced receiver for MU-MIMO
· More discussion is needed on the UE capability definition details

Issue 1-3-2: Capability granularity and details for the R-ML capability signalling (If introduced) 
· Capability definition for MMSE-IRC in Rel-17
	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


· Proposals:
· Proposal 1: Align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only. (China Telecom)
· Proposal 2: Introduce per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO receiver (Ericsson)
· Recommended WF
· Encourage feedback.

Topic #2: Test parameters and simulation results
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311094
	China Telecom
	Proposal 1: Reuse the same test scope for Rel-17 MMSE-IRC for MU-MIMO:
-	Both FDD 15kHz SCS with 10MHz CHBW and TDD 30kHz SCS with 40MHz CHBW
-	2Tx-2Rx with rank 1 for both target and co-scheduled UE on each PRB.
-	2Tx-4Rx with rank 1 for both target and co-scheduled UE on each PRB.
-	4Tx-4Rx with rank 2 transmission for both target and co-scheduled UE on each PRB.
Proposal 2: For the FDRA for the co-scheduled UE, we propose to cover both full and partial CHBW resource allocation, and full CHBW resource allocation is configured for the target UE.
Proposal 3: For phase II test parameters, all the RAN4 agreed network default assumptions should be valid. 
Proposal 4: Additional tests with invalid network default assumptions should be considered if additional UE capabilities will be introduced for the UE capable of performing advanced receiving under invalid network default assumptions.
Proposal 5: For R-ML without modulation order blind detection tests, 1 co-scheduled UE with single modulation order should be considered. And the UE should be informed DCI 1~5 according to the allocated modulation order.
Proposal 6: For R-ML capable of modulation order blind detection tests, in the test with target UE full CHBW allocation, it is proposed to perform the test under following configurations to better verify the accuracy of such modulation order blind detection per PRG. And the UE should be informed DCI 6.
-	Co-UE1: Partial CHBW allocation with QPSK
-	Co-UE2: Partial CHBW allocation with 16QAM
Proposal 7: For the other parameters, it is proposed to reuse the phase I simulation assumptions as a start point.

	R4-2311096
	China Telecom
	Phase I simulation results for the advanced receiver for MU-MIMO

	R4-2311353
	Apple
	Observation #1: The gain with R-ML receiver is high with medium correlation for 2x2 with 16QAM for target UE and QPSK for co-scheduled UE.
Observation #2: The gain with R-ML receiver is not significant when target UE and co-scheduled UE have the same modulation order with medium correlation for 2x2.
Observation #3: Performance with E-IRC and baseline MMSE-IRC receiver is comparable with 2x2.
Observation #4: With orthogonal precoders, TDL-A low correlation channel and 2+2, target UE is scheduled with 16QAM - larger gain with R-ML receiver is observed when co-scheduled UE is using QPSK.
Observation #5: With orthogonal precoders, TDL-A low correlation channel and 2+2, target UE is scheduled with 16QAM - when co-scheduled UE use modulation order 16QAM or 64QAM, the performance of R-ML is only slightly better or comparable to E-IRC.
Observation #6: With orthogonal precoders, TDL-A channel, low correlation gain of E-IRC over baseline MMSE-IRC is the same with 16QAM and 64QAM on target UE.
Observation #7: Larger gains are observed with R-ML when modulation order of co-scheduled UE is smaller than the target UE.

	R4-2311513
	ZTE Corporation
	Observation 1. E-MMSE-IRC receiver has less performance gain over MMSE-IRC for TDLA30-10 and TDLC300-100.
Observation 2. In partial CHBW scenario, R-ML receiver has significant performance gain over E-MMSE-IRC.
Observation 3. The modulation order detection error rate decreases with SNR growth.
Observation 4. Modulation order blind detection has almost no performance degradation in Rank 1+1 scenario.
Observation 5. Blind detection may imply significant computational complexity burden on UE implementation in multi-layers.

	R4-2311739
	Nokia, Nokia Shanghai Bell
	Conclusion on Phase I results
Observation 1: For the cases 3,5,6 and 8 which has simulation results from companies in last meeting, we see <2.5dB span. For case 2 the span is >2.5dB. For the remaining cases, no simulation results has been provided in RAN4#107, hence no conclusion can be done yet on the span.
Observation 2: Using R-ML will provide substantial gain compared to E-IRC in cases where the co-scheduled UE is configured with low MO, hence it is viable to define requirements with R-ML receiver.
Observation 3: From the available results it will be feasible to define requirements based on R-ML receiver for cases 1 to 12
Proposal 1: RAN4 to focus on defining requirements with R-ML receiver for the case of 1 co-scheduled UE.
Cases with partial CHBW of co-scheduled UE have lesser gain as compared to case with full CHBW. However, the gain is significant enough to define requirements.
Proposal 2: RAN4 to define requirements for cases with partial CHBW FDRA of co-scheduled UE.
FDRA and DMRS port blind detection
Observation 4: Our simulation results show that blind detection of FDRA and DMRS ports have negligible impact on performance compared to a genie receiver.
Proposal 3: RAN4 shall include FDRA and DMRS ports blind detection in simulation alignment for definition of the requirements for 1 co-scheduled UE.

	R4-2311740
	Nokia, Nokia Shanghai Bell
	This paper presents Nokia's current simulation results on the WID for advanced receivers for MU-MIMO scenario. It includes the configurations agreed in RAN#107 for the all the candidate receivers.
In the paper, the following Observations were made: 
Observation 1: Results show that both E-IRC and R-ML offer improved receiver performance over the IRC baseline for all the tested cases.
Observation 2:  R-ML generally outperforms E-IRC but the improvement margin is reduced for higher modulation orders of the co-scheduled UE.
Observation 3: Blind detection of the co-scheduled UE’s FDRA and DMRS port allocation is feasible, offering a close to negligeable performance degradation when compared to a genie knowledge scenario.

	R4-2311776
	Qualcomm Incorporated
	Proposal 5: The R-ML requirement is applicable only when all the conditions in the previous observation are satisfied and signaled to the DUT UE.
Proposal 6: When defining the requirement, the precoding matrices across co-scheduled UEs should be orthogonal given that it is a simple enhancement from the network to achieve a better performance in MU-MIMO scenarios.
Proposal 7: Based on our results, MCS 13 2+2 in TDL-A channel with 16QAM interference is a good representative scenario to verify performance gain by R-ML receiver.

	R4-2311999
	MediaTek Inc.
	Observation #1: In MCS4 1+1 scenario with orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.4dB in TDLC300-100 low correlation and 0.7dB in TDLC300-100 medium correlation.
Observation #2: In MCS4 1+1 scenario with non-orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.6dB in TDLC300-100 low correlation and 0.8dB in TDLC300-100 medium correlation.
Observation #3: In MCS4 1+1 scenario with orthogonal random precoding R-ML gain over MMSE-IRC varies between 0.3dB and 0.5dB in TDLC300-100 low correlation and between 0.5dB and 1.2dB in TDLC300-100 medium correlation depending on co-scheduled UE modulation order.
Observation #4: In MCS4 1+1 scenario with non-orthogonal random precoding R-ML gain over MMSE-IRC varies between 0.4dB and 0.7dB in TDLC300-100 low correlation and between 0.6dB and 1.6dB in TDLC300-100 medium correlation depending on co-scheduled UE modulation order.
Observation #5: In MCS13 1+1 scenario with orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.7dB in TDLC300-100 low correlation and 0.4dB in TDLC300-100 medium correlation.
Observation #6: In MCS13 1+1 scenario with non-orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 1.1dB in TDLC300-100 low correlation and 0.7dB in TDLC300-100 medium correlation.
Observation #7: In MCS13 1+1 scenario with orthogonal random precoding R-ML gain over MMSE-IRC varies between 0.9dB and 2.4dB in TDLC300-100 low correlation and between 1.7dB and 6.0dB in TDLC300-100 medium correlation depending on co-scheduled UE modulation order.
Observation #8: In MCS13 1+1 scenario with non-orthogonal random precoding R-ML gain over MMSE-IRC varies between 1.6dB and 3.9dB in TDLC300-100 low correlation and between 2.5dB and 7.9dB in TDLC300-100 medium correlation depending on co-scheduled UE modulation order.
Observation #9: In MCS13 2+2 scenario with orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.0dB in TDLA30-10 low correlation and 1.5dB in TDLC300-100 low correlation.
Observation #10: In MCS13 2+2 scenario with non-orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.0dB in TDLA30-10 low correlation and 7.3dB in TDLC300-100 low correlation.
Observation #11: In MCS13 2+2 scenario with orthogonal random precoding R-ML gain over MMSE-IRC varies between 0.1dB and 1.4dB in TDLA30-10 low correlation and between 1.6dB and 2.9dB in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #12: In MCS13 2+2 scenario with non-orthogonal random precoding R-ML gain over MMSE-IRC varies between 0.3dB and 3.0dB in TDLA30-10 low correlation and between 7.9dB and 10.8dB in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #13: In MCS17 2+2 scenario with orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.0dB in TDLA30-10 low correlation and 11.9dB in TDLC300-100 low correlation.
Observation #14: In MCS17 2+2 scenario with non-orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.0dB in TDLA30-10 low correlation and undefined in TDLC300-100 low correlation.
Observation #15: In MCS17 2+2 scenario with orthogonal random precoding R-ML gain over MMSE-IRC varies between -0.4dB and 1.4dB in TDLA30-10 low correlation and between 11.4dB and 13.8dB in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #16: In MCS17 2+2 scenario with non-orthogonal random precoding R-ML gain over MMSE-IRC varies between -0.4dB and 2.5dB in TDLA30-10 low correlation and undefined in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #17: E-MMSE-IRC gain over MMSE-IRC does not depend on modulation order of co-scheduled UE.
Observation #18: R-ML gain over MMSE-IRC increases when modulation order of co-scheduled UE decreases.
Observation #19: In TDLA30-10, MMSE-IRC and E-MMSE-IRC are practically equivalent.

	R4-2312547
	Ericsson
	Simulation results for MU-MIMO interference cancelling

	R4-2313268
	Huawei, HiSilicon
	Observation 1: High fading selective propagation conditions contributes most to the performance gain of E-MMSE-IRC
Observation 2: 
-	The modulation of co-scheduled UE is lower, the performance gain of R-ML is larger.  
-	Modulation order has no impact on MMSE-IRC and E-MMSE-IRC receiver. 
-	Under the condition of genie aided knowledge of required information, R-ML has larger performance gain than E-MMSE-IRC in all above cases.
Observation 3: Better PMI implementation reduces the performance gain of advanced receiver
Observation 4: The performance loss due to the modulation order detection is about 0~0.9dB.
Observation 5: Performance gain of R-ML with modulation order estimation compared to E-MMSE-IRC for Rank 2+2 is quite low for most cases. For case of Rank1+1, the performance gain is quite high (7.5dB for MCS13 (Target UE)+QPSK (Co-scheduled UE)).
Proposal 1: RAN4 to consider following test setup in phase II if R-ML receiver is agreed as baseline in phase I
	Define two optional features based on UE’s declaration: supporting R-ML receiver on MU-MIMO scenario with signalling on modulation order of co-scheduled UEs and supporting R-ML receiver on MU-MIMO scenario without signalling on modulation order of co-scheduled UEs (modulation order detection)
	For case without modulation order detection: 
	Rank 1+1, TDLC300-100 medium 
	Rank 2+2, TDLA30-10 Low 
	QPSK configured for co-scheduled UE
	For case with modulation order detection:
	Rank 1+1, TDLC300-100 medium 
	QPSK configured for co-scheduled UE

	R4-2313270
	Huawei, HiSilicon
	draft LS on required RRC signalling for advanced receiver on MU-MIMO scenario

	R4-2313704
	Spreadtrum
	Simulation results for phase I study for MU-MIMO advanced receiver
Observation 1: R-ML SNR loss due to modulation order detection error increases with the modulation order increment, it‘s observed that 64QAM shows the highest SNR loss among the three MOs of 64QAM, 16QAM and QPSK.
Observation 2: The higher SNR point is more sensitive to the DMRS port detection error, it’s observed that DMRS port detection error leads to higher performance loss in the higher SNR case, e.g test number 5 shows 2.1dB loss due to FDRA and DMRS port blind detection error, while the corresponding loss in test number 4 is 0.3dB, while noting the two test cases show the highest difference of SNRs.



Open issues summary
Issue 2-1: Test scope
· Proposals:
· Option 1: Reuse the same test scope for Rel-17 MMSE-IRC for MU-MIMO (China Telecom)
· Both FDD 15kHz SCS with 10MHz CHBW and TDD 30kHz SCS with 40MHz CHBW
· 2Tx-2Rx with rank 1 for both target and co-scheduled UE on each PRB.
· 2Tx-4Rx with rank 1 for both target and co-scheduled UE on each PRB.
· 4Tx-4Rx with rank 2 transmission for both target and co-scheduled UE on each PRB
· Recommended WF
· Discussion needed

Issue 2-2: Co-scheduled UE number
· The agreed phase I study assumption
	· In the phase I study for the advanced receiver with genie aided knowledge of the required information
· Only consider 1 co-scheduled UE


· Proposals:
· Option 1: Defining requirements with R-ML receiver for the case of 1 co-scheduled UE (Nokia)
· Recommended WF
· Discussion needed.

Issue 2-3: Frequency domain resource allocation
· The agreed phase I study assumption
	· In the phase I study for the advanced receiver with genie aided knowledge of the required information
· Only consider the scenario with full FDRA for both target and co-scheduled UEs


· Proposals:
· Option 1: Additionally Ddefine requirements for cases with partial CHBW FDRA of co-scheduled UE, i.e., Cover both full and partial CHBW resource allocation for the co-scheduled UE, and full CHBW resource allocation for the target UE (Nokia, China Telecom)
· Option 2: Cover both full and partial CHBW resource allocation, and full CHBW resource allocation for the target UE (China Telecom)
· CTC: The reliability of FDRA and DMRS port blind detection consists of 2 aspects
· For the PRGs with co-scheduled UE(s) exists, the target UE can detect the presence and DMRS port interference of the co-scheduled layer.
· The target UE will not perform advanced receiving process on the REs without co-scheduled UE exists.
· Recommended WF
· Discussion needed

Issue 2-4: Test setting for the RAN4 agreed network default assumptions
· Proposals:
· Option 1: For phase II tests, all the RAN4 agreed network default assumptions should be valid. (China Telecom, Qualcomm)
· Option 1A: On top of Option 1, additional tests with invalid network default assumptions should be considered if additional UE capabilities will be introduced for the UE capable of performing advanced receiving under invalid network default assumptions.
· Recommended WF
· Discussion needed

Issue 2-5: MCS Table
· Proposals:
· Option 1: The maximum MCS table is 256QAM or 64QAM MCS table, i.e., 1024QAM is not covered (Qualcomm)
· Recommended WF
· Discussion needed

Issue 2-6: Precoder selection for co-scheduled UE
· The agreed phase I study assumption
	Precoder selection target and co-scheduled UEs
Way forward
· For phase I study
· For rank 1+1: Random PMI selection 
· For rank 2+2: Orthogonal PMI selection


· Proposals:
· Option 1: Only consider orthogonal PMI selection with the target UE (Qualcomm)
· Recommended WF
· Discussion needed

Issue 2-7: Test setting for R-ML without modulation order blind detection
· Proposals:
· Proposal 1: 1 co-scheduled UE with single modulation order should be considered. The UE should be informed DCI 1~5 according to the allocated modulation order (China Telecom)
· Proposal 2: (Huawei)
· Rank 1+1, TDLC300-100 medium 
· Rank 2+2, TDLA30-10 Low 
· QPSK configured for co-scheduled UE
· Recommended WF
· Discussion needed

Issue 2-8: Test setting for R-ML with modulation order blind detection
· Proposals:
· Proposal 1: In the test with target UE full CHBW allocation, define the test under following configurations and the UE should be informed DCI 6 (China Telecom)
· Co-UE1: Partial CHBW allocation with QPSK
· Co-UE2: Partial CHBW allocation with 16QAM
· Proposal 2: (Huawei)
· Rank 1+1, TDLC300-100 medium 
· QPSK configured for co-scheduled UE
· Recommended WF
· Discussion needed

Issue 2-9: Other parameters
· Proposals:
· Option 1: Reuse the phase I simulation assumptions as a start point. (China Telecom)
· Recommended WF
· Discussion needed
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