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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 8.19.1.1 and 8.19.1.2.
On Monday, it is recommended to treat the following issues related to DCI signalling:
· Issue 1-2-3-1: The modulation order information of the co-scheduled UE
· Issue 1-2-2-7: Frequency domain resource allocation information of the co-scheduled UE
· Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
· Issue 1-2-2-4: PRB bundling size for the co-scheduled UE
· Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
· Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
· Issue 1-2-2-6: Time domain resource allocation information of the co-scheduled UE 
· Issue 1-2-3-3: RS location information of the co-scheduled UE
Topic #1: Receiver assumption and NWA signaling
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307335
	Apple
	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.
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.

	R4-2307466
	Nokia, Nokia Shanghai Bell
	Study of blind detection of interference parameters
Observation 1: Blind MO detection is complex and can lead to systematic errors that prevent UEs from reaching 10 % BLER, when using simple detection implementation. More complex detection implementations will likely show better performance.
Observation 2: Usage of a single ZP-CSI-RS port with density 0.5 improves the performance significantly and 90% throughput can be reached.
Proposal 1: RAN4 to not require dynamic NWA such as DCI signalling. RAN4 to define RRC configuration of few ZP-CSI-RS REs at the target UE(s), which allows reliable detection of interference parameters, e.g., modulation order, FDRA, etc.
Proposal 2: Parameterization of ZP-CSI-RS: Single port, density 0.5, l_0=3, k_0=0, full CBW, periodicity every MU PDSCH slot, i.e., extension of ZP-CSI-RS configuration to every slot.
Reference receiver assumptions
Observation 3: Complexity of R-ML receiver can be an issue when total number of layers is large and when high modulation orders are used for target and co-scheduled UEs.
Proposal 4: The decision of reference receiver to be kept open in case requirements are to be defined for up to 4 total layers and with high modulation orders.
Discussion on the required information (High priority for Q2)
Observation 4: Dynamic change of DMRS sequence of co-scheduled UE is not a common scenario.
Proposal 5: Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same DMRS sequence is used” assumption being not valid.
Observation 5: Reliable detection of co-scheduled UE’s DMRS ports and sequence is possible for the configuration of one front loaded Type 1 DMRS symbol.
Proposal 6: Further discuss options to reduce search space, if complexity is an issue for larger size of possible DMRS ports.
Observation 6: Dynamic change of PRB bundling size of co-scheduled UE is not a common scenario.
Proposal 7: Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same PRB bundling size is used” assumption being not valid.
Observation 7: Number of CDM groups without data is usually the same for a pair of co-scheduled UEs leading to same DMRS power boosting for them.
Proposal 8: Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example, the “same DMRS power boosting is used” assumption being not valid.
Observation 8: We do not see the case of co-scheduled UEs TDRA being the same as target UE as a common scenario.
Proposal 9: Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same TDRA is used” assumption being not valid.
Observation 9: ZP-CSI-RS aided detection of DMRS ports, FDRA and MO leads only to a small loss (less than 1 dB) in performance for rank 1+1, rank 2+2 cases.
Observation 10: ZP-CSI-RS aided detection of DMRS ports, FDRA and MO can achieve 90% of maximum throughput in all cases studied.
Observation 11: ZP-CSI-RS aided detection of Modulation order, DMRS ports and sequence leads to minimal loss in performance at both 70% and 90% of maximum throughput.
Proposal 11: Requirements shall be defined for Rank 1+1 and Rank 2+2 based on ZP-CSI-RS aided detection of Modulation order, DMRS ports and sequence.
Observation 12: Informing the target UE about the validity of assuming target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE can help the target UE deciding if advanced receiver (E-IRC or R-ML) shall be used.
Proposal 12: Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE” assumption being not valid. 
Observation 13: ZP-RS based aided detection of interference parameters can be used for defining requirements and does not require dynamic DCI based signaling.
Proposal 13: Only consider RRC or MAC-CE based network assistance signaling if NWA signalling is introduced.
Observation 14: Selecting a higher granularity that wideband for the network assistant signalling (if introduced) does not seem feasible when taking the overhead required into consideration

	R4-2307467
	Nokia, Nokia Shanghai Bell
	Advanced Receivers Blind Detection - Simulation results

	R4-2307818
	Samsung
	Proposal 1: 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.
Proposal 2: Use option 1 (UE perform R-ML algorithm for serving and all co-scheduled UEs in the cell) as reference receiver assumption for R-ML if necessary signaling introduced.
Proposal 3: Support option 1 (Down-select R-ML as a candidate reference receiver to define phase II requirements) if we plan to define requirements in phase II for only one advanced receiver.
Proposal 4: 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 5: Through DCI-based signaling of other parameters if introduced to get the presence of co-scheduled UE.
Proposal 6: Prefer to introduce configuration restriction in RAN1 “The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the DMRS sequence initialization seed and scrambling ID(s)”. If RAN1 has concern about this configuration restriction, we could consider introducing default assumption which assume the same DMRS sequence initialization seed and scrambling ID(s) for paired UEs in RAN4 and 1 bit RRC signaling to let UE know if this default assumption is applied by network or not.
Proposal 7: Propose to introduce the DMRS ports related information signaling of the co-scheduled UEs which have the same frequency domain resources with the target UE.
Proposal 8: Define default assumption that PRG-level grid of co-scheduled UEs is same with that of target UE, and if this default assumption is not applied by the network, 1 bit RRC signaling should be informed to the target UE, then the target UE should use the minimum PRG granularity (actually it is 2) for co-scheduled UEs to do corresponding channel estimation.
Proposal 9: Define the same DMRS power boosting used for target UE and co-scheduled UEs as default assumption, and no need to introduce RRC signaling for this default assumption.
Proposal 10: Define default assumption to assume that the same time domain resource allocation for the target UE and the co-scheduled UEs, and 1 bit RRC signaling to inform the target UE if default assumption is not valid.
Proposal 11: Define default assumption to assume that the same frequency domain resource allocation for the target UE and the co-scheduled UEs, and 1 bit DCI signaling to inform the target UE if default assumption is not valid, then blind detection should by applied for the frequency domain resource.
Proposal 12: UE needs to know the modulation order related information by assistant information signaling, such as full signaling of modulation order of each co-scheduled UE or partial signaling of modulation order set of each co-scheduled UE. 
Proposal 13: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE, and no RRC signaling is needed for this default assumption.
Proposal 14: DCI signaling to assist modulation order detection: 2 bits modulation order information for each co-scheduled UE or 1 bit modulation order set information for each co-scheduled UE to reduce blind detection complexity, the total number of introduced DCI bits is 2*N or N for the whole scheduled bandwidth of target UE, in which N is the number of co-scheduled UEs.
Proposal 15: Support option 4 (Some of the information could be carried by DCI and others carried by higher layer) and move this topic into separate parameter discussions in information required sections.
Proposal 16: Support option 1 (The granularity of the network assistant signaling should be the wideband).

	R4-2307628
	China Telecom
	Proposal 1: Down select to R-ML as the reference receiver and design necessary NWA signaling for it.
Observation 1: We should avoid the UE with E-IRC/R-ML receiver to always perform blind detection no matter whether co-scheduled UE is presented, which is a waste of power.
Proposal 2: Find a way for the network to indicate the presence of the co-scheduled UE information. Come back to the detailed designing after the NWA for the other information is decided.
Observation 2: By DCI signaling, the UE could at least correctly perform R-ML in the slots where the UEs with the same scrambling ID and n_"SCID"  are scheduled for MU-MIMO transmission.
Proposal 3: The information that ‘RAN4 default assumption not valid’ should be implied by the DCI signaling of other parameters if introduced.
Observation 3: The DMRS port blind detection granularity assumption is set to ‘up to UE implementation’. Thus it is beneficial to introduce a unique RRC signaling to indicate UE if such assumption is not valid, to allow the UE supporting ‘per PRB detection’ could still perform R-ML, rather than always disabling R-ML if it is combined with other default assumptions.
Proposal 4: RAN4 to discuss the feasibility of introducing a unique RRC signaling to indicate UE if ‘the PRB bundling size of co-scheduled UEs is not the same with that of target UE’. If not feasible, prefer to indicate such information combined with DCI signaling of other information.
Proposal 5: Inform UE if RAN4 default assumption (DMRS power boosting should be the same for both target and the co-scheduled UE) not valid and open to discuss whether it is indicated by DCI or RRC signaling.
Proposal 6: Inform UE if RAN4 default assumption (the same PDSCH symbols are allocated to the target and the co-scheduled UEs) not valid and open to discuss whether it is indicated by DCI or RRC signaling.
Proposal 7: Open to discuss whether to consider the scenario that ‘interference layers have different modulation orders within one or more PRBs’.
Proposal 8: For the MO BD evaluation, also evaluate the following case with more than 1 co-scheduled UEs:
	Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R
	Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
	Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
Observation 4: Under 8/16 or even larger Tx scenarios, the CSI-RS overlap with PDSCH will have larger impact to the R-ML receiving performance due to more REs is used by the NZP CSI-RS.
Proposal 9: Consider signaling if the default assumption (the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE) is not valid, and RRC signaling is preferred.

	R4-2307629
	China Telecom
	draft LS on the network assistant signalling for the advanced receiver for MU-MIMO

	R4-2307830
	Ericsson
	Proposal 1: To carry the presence of co-scheduled UE implicitly by other information if the NWA signaling will be introduced
Proposal 2: 1bit RRC based signaling can be considered so that the Network can inform the target UE that the default assumption is not valid
Proposal 3: 1bit RRC signaling can be considered to indicate whether a specific DMRS port is used by the co-scheduled UE, which can also implicitly carry the presence information of the co-scheduled UE. It shall be decided after there is a conclusion on the UE blind detection on the DMRS port information
Proposal 4: Do not consider signaling PRB bundling size information of co-scheduled UE with the assumption the PRB bundling size of co-scheduled UEs is same with that of target UE
Proposal 5: Do not consider signaling DMRS power boosting information
Proposal 6: Do not consider signaling for time domain resource allocation information of the co-scheduled UE 
Proposal 7:  UE assumes the interference UE has same PDSCH resource allocation 
Proposal 8: Consider RRC based signaling to inform the bitmap of modulation order if it is agreed to introduce NWA signaling. It shall be decided after there is a conclusion on the UE blind detection on the modulation order
Proposal 9: Do not consider signaling to inform UE whether the default assumption of CSI-RS location is valid
Proposal 10: Consider only RRC based NWA signaling (if introduced) for informing the assumption validity and/or modulation order in Rel-18 NR_demod_enh3.

	R4-2307855
	MediaTek Inc.
	Proposal #1: UE perform R-ML algorithm for serving and all co-scheduled UEs with known modulation order in the cell.
Proposal #2: We support Option 2. A candidate reference receiver to define phase II requirements can be decided later when NWA has been agreed.
Observation #1: Blind detection of the presence of MU-MIMO transmission would cause unnecessary UE processing and power consumption in scenarios when MU-MIMO transmission is not used.
Proposal #3: We support Option 2. UE needs to know the presence of MU-MIMO transmission by assistant information signalling as in Proposal 2 in Issue 1-2-3-2.
Proposal #4: We support Option 2. UE assumes the DMRS sequences for all co-scheduled UEs are always the same with that of the target UE when presence of co-scheduled UE is signalled.
Proposal #5: UE is assumed to perform blind detection of DMRS port information of the co-scheduled UEs when UE gets indication of the presence of MU-MIMO transmission.
Proposal #6: Introduce additional and optional assistant RRC signalling to restrict the BD complexity by limiting search space of DMRS ports.
Proposal #7: We support Option 3. If UE cannot assume the pre-coding granularity of co-scheduled UEs to be the same as own granularity, then fallback to regular MMSE-IRC.
Proposal #8: We support Option 2. If UE cannot assume DMRS power boosting should be the same for both target and the co-scheduled UE, then fallback to regular MMSE-IRC.
Proposal #9: We support Option 2. If UE cannot assume the same PDSCH symbols are allocated to the target and the co-scheduled UEs, then fallback to regular MMSE-IRC.
Proposal #10: UE is assumed to perform blind detection of frequency domain resource allocation of the co-scheduled UEs when UE gets indication of the presence of MU-MIMO transmission.
Proposal #11: UE with R-ML needs to know the modulation order information for each co-scheduled layer by assistant information signalling.
Proposal #12: We support Proposal 2. This is the only proposal to help UE to avoid unnecessary blind detection in most of the cases.
Proposal #13: We support implicit signalling in DCI with MO. If UE cannot assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE, then fallback to regular MMSE-IRC.
Proposal #14: We support Option 4. The network assistant information for modulation order and advanced receiver activation needs to be done with DCI. In addition, RRC is needed to activate DCI signalling and possibly help to limit DMRS port allocation blind detection complexity.
Proposal #15: Granularity of the network assistant signalling should be for the whole bandwidth of serving UE considering the overhead limitation.

	R4-2308863
	Huawei, HiSilicon
	Proposal 1: RAN4 to make decision on the DCI based network assistant signalling and send the LS to RAN1 if agreed by the end of the May meeting.
Proposal 2: NWA at least for DCI related should be limited to configurations of dmrs-Type=1 with maxLength=1 .I.e. only up to 4 DMRS ports.
Proposal 3: Use one value in DCI bit field specified for modulation order to indicate the presence of co-scheduled UEs which have same DMRS sequence as target UE 
Proposal 4: Don’t introduce signalling on DMRS port information, which can be left to UE blind detection.
Proposal 5: Don’t introduce signalling on frequency domain resource allocation, which can be left to UE blind detection.
Proposal 6: Introduce 1 DCI (Implicitly indicated with signalling on MO without dedicate bit) or RRC bit in case DMRS power boosting is not aligned between paired UEs.
Observation 1: Example 2 in proposal 2 can cover both UEs supporting or not supporting modulation order blind detection.
Observation 2: Making interference layers have same modulation order in each PRB is the only possible potential implementation to enable UEs to perform R-ML algorithm for all interference layers with proper signalling assistance.
Observation 3: For a UE with small bandwidth, it is very likely that all interference have same MO across the whole bandwidth scheduled for itself.
Proposal 7: Introduce two new UE capabilities (1) Capability of supporting R-ML receiver with modulation order of interference layers known and (2) Capability of supporting R-ML receiver with modulation order of interference layers blind detection. Network can identify these two types of UEs by capability reporting and apply special MU-MIMO schedule schemes which are benefit to these UEs such as case in Figure 2-2.
Observation 4: With the signalling indicating all interference layers have same modulation order, the R-ML performance is improved by 3dB compared to R-ML without signalling assistance and have only 0.6dB performance degradation compared to ideal condition. 
Proposal 8: Use proposal 2 in WF [1] as signalling on modulation order. 
Proposal 9: Use 1 DCI (Implicitly indicated with signalling on MO without dedicate bit) or RRC bit to indicate the case that time allocation is not aligned between paired UEs.
Proposal 10: Use 1 DCI (Implicitly indicated with signalling on MO without dedicate bit) or RRC bit to indicate the case that RS location is not aligned between paired UEs.
Proposal 11: RAN4 to make following assumptions for advanced receiver:
	Default assumption 1: UE assume in each its PRG, the precoding of the potential co-scheduled UE(s) in all DM-RS ports of different CDM group to be same with PRG=2 or 4. 
	Default assumption 2: UE assume in each its PRG, the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of different CDM group to be aligned with PRG=2 or 4.
	Introduce 1 bit RRC signaling to indicate in case default assumption 1 or/and default assumption 2 is invalid.

	R4-2308866
	Huawei,HiSilicon
	draft LS on required DCI signalling for advanced receiver on MU-MIMO scenario

	R4-2309351
	Qualcomm Incorporated
	Proposal 1: Introduce the RRC based signaling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs, or signal the maximum MCS index table (64QAM, 256QAM or 1024QAM table) used among all the (potential) co-scheduled UEs.
Proposal 2: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine “all the co-scheduled UEs are with different DMRS sequence than the target UE” in the same signaling without additional bits, i.e., have a code point representing “no co-schedule UEs are presented in the allocated resource to the target UE, or all the co-scheduled UEs are with different DMRS sequence than the target UE”
Observation 1: When PRG allocation is aligned across different CDM groups, the complexity of co-scheduled UE detection and the modulation order detection is reduced by at least x times, x is the PRG size.
Proposal 3: Introduce the signaling to inform UE that whether the PRG sizes and boundaries of the DMRS aligned co-scheduled UEs in different CDM groups with the target UE are aligned with the target UE. The signaling format depends on how static this information is in the real deployment. DMRS aligned co-scheduled UE refers to the co-scheduled UEs with the same DMRS sequence as the target UE.
Proposal 4: Introduce the signaling to inform UE numbers of CDM groups without data of the DMRS aligned co-scheduled UEs, or at least inform UE whether numbers of CDM groups without data are aligned across all DMRS aligned co-scheduled UEs. The signaling can be RRC based. 
Observation 2: The co-scheduled UE detection can’t be performed in a per-symbol basis due to the availability of DMRS and complexity constraints, and therefore, the interference in R-ML receiver applied uniformly to all the PDSCH symbols. When the interference presence is not uniform in a slot, R-ML receiver tries to cancel a non-existent interference, and end up introduce additional noise to fail the decoding of the symbol.
Proposal 5: Introduce the following network assistant signaling to enable the correct interference cancellation when implementing R-ML receiver:
•	Whether all the serving PDSCH symbols are interfered by the same set of the DMRS aligned co-scheduled UEs. RRC signaling is applicable if the condition is satisfied in most cases.
Proposal 6: Consider the following modulation order assistant signaling:
Bitfield	coUE modulation order
00	No co-schedule UEs are presented in the allocated resource to the target UE, or all the co-scheduled UEs are with different DMRS sequence than the target UE
01	PRB aligned
(Single coUE modulation
per PRB or PRG)
10	All the co-scheduled UE has the same modulation order with the target UE 
11	Other cases
Alternatively, if we want to reduce the DCI bits, we can keep only the most critical information:
•	0: no co-schedule UEs are presented in the allocated resource to the target UE, or all the co-scheduled UEs are with different DMRS sequence than the target UE
•	1: other cases.
Observation 3: LMMSE-IRC and E-LMMSE-IRC are statistically equivalent and can be proved mathematically. Given that the channel estimation is done across multiple REs and the simulations are ran in a long enough duration to have converged throughput, we expect the E-LMMSE-IRC receiver to have exactly the same performance as LMMSE-IRC.
Proposal 7: Do not consider additional requirement for E-LMMSE-IRC receiver.
Proposal 8: 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 9: 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.



Open issues summary
Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
· Status in the last meeting WF in R4-2305914
	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.


· Proposals:
· Option 1: UE perform R-ML algorithm for serving and all co-scheduled UEs in the cell (Samsung, ZTE)
· Option 2: UE perform R-ML algorithm for serving and all co-scheduled UEs with known modulation order in the cell (MTK)
· Recommended WF
· Discuss whether to have R-ML receiver assumption under each of the needed information issue in sub-topic 1-2.

Issue 1-1-2: Reference receiver
· Status in the last meeting WF in R4-2305914:
	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.


· Proposals:
· Option 1: Down select to R-ML as the reference receiver (China Telecom, Samsung, ZTE, Qualcomm)
· Option 2: Make decision later (Apple, MTK)
· Option 3: Keep open in case requirements are to be defined for up to 4 total layers and with high modulation orders (Nokia)
· Recommended WF
· TBA

Sub-topic 1-2 Discussion on the required information (High priority for Q2)
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
· Status in the last meeting WF in R4-2305914:
	Timeline for the required information studying
· Agreement: 
· RAN4 should prioritize NWA related topics (especially for DCI related signalling) for this WI in Q2.


· Proposals:
· Option 1: RAN4 to make decision on the DCI based network assistant signalling and send the LS to RAN1 if agreed by the end of the May meeting (Huawei)
· Recommended WF
· Discuss under Issue 1-2-3-1.

Issue 1-2-1-2: Timeline for phase I studying
· Status in the approved work plan in R4-2302939:
· Phase I study is scheduled to be completed in the Aug meeting.
· The phase II requirement definition as well as the normative work in other WGs cannot be started in the Aug meeting
· Recommended WF
· If the LS to RAN1 to introduce new DCI bits will be approved in this RAN4 meeting, it is recommended to conclude phase I after this RAN4 meeting and companies can continue the TR work in the Aug meeting.

Sub-topic 1-2-2: Information required for both E-MMSE-IRC and R-ML
Issue 1-2-2-1: The presence of co-scheduled UE
· Status in the last meeting WF in R4-2305914:
	· 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.


· Proposals:
· Option 1: Network to indicate the presence of the co-scheduled UE information (China Telecom, Nokia, Samsung, Ericsson, MTK, Huawei)
· Option 1A: Implied by signalling of other parameters if introduced (China Telecom, Samsung, Ericsson, MTK, Huawei)
· Option 2: Discuss after decision on other parameters are reached (Apple)
· Recommended WF
· Agree the network to indicate the presence of the co-scheduled UE information.
· Discuss how to include this information under Issue 1-2-3-2.

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2305914:
	Way forward
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· [bookmark: _Hlk135210957]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
· [bookmark: _Hlk135137173]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


· Proposals on the additional limitation to the RAN1 specification:
· Proposal 1: The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the DMRS sequence initialization seed and scrambling ID(s) (Samsung)
· Proposals on the signalling to inform UE if RAN4 default assumption not valid for all the co-scheduled UE(s):
· Option 1: 1-bit RRC signalling (Nokia, Ericsson, ZTE, Samsung if RAN1 spec restriction is not feasible)
· Option 2: Implied by DCI signalling on other information (China Telecom, MTK, Qualcomm, Huawei)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine “all the co-scheduled UEs are with different DMRS sequence than the target UE” in the same signaling without additional bits (Qualcomm, Huawei)
· Option 3: RRC signaling in case scrambling ID is different from target UE, and DCI signaling in case nSCID is different from target UE (Apple)
· Recommended WF
· On the additional limitation to the RAN1 specification
· Encourage feedback on the Proposal 1 from Samsung.
· On the signalling:
· Align understanding on the default assumption signaling: Is the indication signaled only when the default assumption is not valid for all the co-schedule UE(s)?
· Further discuss the signaling detail after make decision on whether to consider DCI-based NWA signaling in Issue 1-2-3-1.

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2305914:
	GTW agreements on Apr 17th:
· [bookmark: _Hlk135324326]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.
· [bookmark: _Hlk135141496]FFS whether to introduce additional assistant RRC signalling to restrict the BD complexity.


· Proposals on the additional assistant signalling:
· Option 1: Introduce assistant RRC signalling (MTK, Apple, Ericsson)
· Option 1A: Introduce upper bound on number of ports of co-scheduled UEs to be detected (Apple, [MTK])
· Option 1C: 1bit RRC signalling to indicate whether a specific DMRS port is used by the co-scheduled UE (Ericsson)
· Option 2: Do not introduce signalling on DMRS port information (Huawei)
· Option 3: Further discuss options to reduce search space (Nokia)
· Option 4: Introduce the DMRS ports related information signaling (not RRC signalling) of the co-scheduled UEs which have the same frequency domain resources with the target UE (Samsung)
· Recommended WF
· Discuss whether to consider DCI signaling for the DMRS port information (proposed by Samsung in option 4).

[bookmark: _Hlk135388140]Issue 1-2-2-4: PRB bundling size for the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2305914:
	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
· [bookmark: _Hlk135137443]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)


· Understanding on the RAN4 default assumption:
· Option 1: UE assume in each its PRG, the precoding of the potential co-scheduled UE(s) in all DM-RS ports of different CDM group to be same with PRG=2 or 4. (Huawei)
· Huawei: For the co-scheduled DMRS ports of the same CDM group, restriction already exists in RAN1 specification (TS38.214): 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.
· [bookmark: _Hlk135331662]Option 2: the PRG sizes and boundaries of the DMRS aligned co-scheduled UEs in different CDM groups with the target UE are aligned with the target UE (Qualcomm)
· Option 3: PRG-level grid of co-scheduled UEs is same with that of target UE (Samsung)
· Proposals on the signalling to inform UE if RAN4 default assumption not valid:
· Option 1: Introduce signalling to inform UE if RAN4 default assumption not valid (China Telecom, Nokia, Samsung, ZTE, Huawei, Qualcomm, Apple, MTK)
· Option 1A: A dedicated RRC signalling to indicate UE if RAN4 default assumption on PRB bundling size is not valid (China Telecom, Samsung)
· CTC: Allow the UE supporting ‘per PRB detection’ could still perform R-ML, rather than always disabling R-ML if it is combined with other default assumptions.
· Option 1B: RRC signalling to indicate that default assumption is invalid/valid for PRB bundling size (Apple)
· Option 1C: Implied by DCI signaling on modulation order if introduced (MTK)
· Option 2: No signaling is required (Ericsson)
· Recommended WF
· Companies to check whether the following understanding is correct: 
· UE assume in each its PRG, the precoding of the potential co-scheduled UE(s) in all DM-RS ports of different CDM group to be same with PRG=2 or 4.
· The PRG boundaries of the co-scheduled UEs in different CDM groups with the target UE are aligned with the target UE.
· On the signalling:
· Considering majorities’ view, can we agree to introduce signalling to inform UE if RAN4 default assumption not valid?
· Further discuss the signaling detail after make decision on whether to consider DCI-based NWA signaling in Issue 1-2-3-1.
· If RRC signaling is considered, discuss whether to consider a dedicated RRC bit for this information or can be combined with other default assumption indication.

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2305914:
	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.


· Proposals on the signalling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling (China Telecom, Nokia, ZTE, Huawei, Qualcomm)
· QC: Inform UE numbers of CDM groups without data of the DMRS aligned co-scheduled UEs, or at least inform UE whether numbers of CDM groups without data are aligned across all DMRS aligned co-scheduled UEs
· Option 2: Implied by DCI signaling on modulation order if introduced (China Telecom, Apple, MTK, Huawei)
· Option 2A: DCI signalling to indicate if default assumption is valid/invalid for DMRS boosting of co-UE (Apple)
· Option 3: No signaling is required (Samsung, Ericsson)
· Samsung, Ericsson: We assume gNB prefer to set the same number of CDM groups for paired UEs even there is no such restriction.
· Recommended WF
· On the signalling:
· Considering majorities’ view, can we agree to introduce signalling to inform UE if RAN4 default assumption not valid?
· Further discuss the signaling detail after make decision on whether to consider DCI-based NWA signaling in Issue 1-2-3-1.
· If RRC signaling is considered, discuss whether to consider a dedicated RRC bit for this information or can be combined with other default assumption indication information.

Issue 1-2-2-6: Time domain resource allocation information of the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2305914:
	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


· Proposals on the signalling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling (China Telecom, Nokia, Samsung, Qualcomm, Huawei)
· Option 2: Implied by DCI signaling on MO if introduced (China Telecom, Apple, MTK, Huawei)
· Option 2A: DCI signalling to indicate if default assumption is valid/invalid for DMRS boosting of co-UE (Apple)
· Option 3: No signaling is required (Ericsson)
· Recommended WF
· On the NWA signalling:
· Considering majorities’ view, can we agree to introduce signalling to inform UE if RAN4 default assumption not valid?
· Further discuss the signaling detail after make decision on whether to consider DCI-based NWA signaling in Issue 1-2-3-1.
· If RRC signaling is considered, discuss whether to consider a dedicated RRC bit for this information or can be combined with other default assumption indication information.

Issue 1-2-2-7: Frequency domain resource allocation information of the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2305914:
	Way forward
· UE should know the FDRA information of the co-scheduled UE
· Study the R-ML performance with BD to the DMRS port information as well as the FDRA information of the Co-UE (Low priority for the May meeting). Evaluation assumptions are as below:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Select the following two cases based on the agreed simulation assumption:
· Case 2 (rank 1+1 2T2R QPSK interference TDLC300-100 random precoding)
· Case 9 (rank 2+2 4T4R 64QAM interference TDLA30-10 orthogonal precoding)
· Two cases for the FDRA of the co-UE: 
· Full CHBW allocation (52PRBs)
· Partial CHBW allocation (0~24 PRBs)
· Note: Assume that the R-ML has known all the other required information and all the agreed default assumptions are valid
· Companies are encouraged to bring simulation results.


· Proposal on the RAN4 default assumption on the co-UE FDRA within each PRG of the target UE:
· Proposal 1: UE assume in each its PRG, the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of different CDM group to be aligned with PRG=2 or 4 (Huawei)
· Huawei: For the co-scheduled DMRS ports of the same CDM group, restriction already exists in RAN1 specification (TS38.214): 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.
· Huawei: Introduce 1 bit RRC signaling to indicate in case proposal 1 is not valid.
· Proposals on how the co-UE FDRA information could be obtained cross different PRGs of the target UE:
· Option 1: By UE blind detection (Nokia, Huawei, MTK if co-UE presence information is indicated)
· Nokia: Define ZP-CSI-RS REs at the target UE(s), which allows reliable detection of interference parameters
· Option 2: Assume the same frequency domain resource allocation for the target UE and the co-scheduled UEs (Samsung, Ericsson)
· Proposals on the signalling on the co-UE FDRA information cross different PRGs of the target UE:
· Option 1: Don’t introduce signaling on frequency domain resource allocation (Huawei)
· Option 2: Inform the target UE if default assumption is not valid (Samsung, Ericsson)
· Option 2A: 1 bit DCI signalling can be considered (Samsung)
· Recommended WF
· Encourage feedback.

Sub-topic 1-2-3: Additional information required for R-ML
[bookmark: _Hlk135212732]Issue 1-2-3-1: The modulation order information of the co-scheduled UE
· Status in the last meeting WF in R4-2305914:
	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.


· Proposals on the additional assumptions to the R-ML receiver:
· [bookmark: _Hlk135331135]Option 1: 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. (Apple, Huawei)
· HW: limit the required information study to DMRS configurations of dmrs-Type=1 with maxLength=1
· Option 2: RAN4 to discuss whether to consider the scenario that ‘interference layers have different modulation orders within one or more PRBs’ (China Telecom)
· Proposals on the evaluation assumption of modulation order blind detection:
· Option 1: Also evaluate the following case with more than 1 co-scheduled UEs (China Telecom)
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R
· Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
· Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
· Proposals on network assistance signalling on modulation order:
· Option 1: Consider DCI-based NWA signaling (Apple, Samsung, MTK, Qualcomm, Huawei)
· Option 1A: DCI signaling to assist modulation order detection (Samsung, Qualcomm, Huawei)
· Option 1B: DCI signaling on the modulation order information for each co-scheduled layer (MTK)
· Option 2: Only consider RRC or MAC-CE based signaling (Nokia, Ericsson)
· Option 2A: Define RRC configuration of few ZP-CSI-RS REs at the target UE(s), which allows reliable detection of interference parameters (Nokia)
· Option 2B: RRC based signaling to inform the bitmap of modulation order (Ericsson)
· Recommended WF
· Encourage feedback on the proposed additional receiver assumptions, discuss whether the assumption on the total number of (target + Co-scheduled) layers can be based on different UE Rx number, e.g., 2 for 2Rx and 4 for 4Rx.(To be discussed on Monday)
· Encourage feedback on the proposed evaluation assumption of modulation order blind detection.
· On network assistance signalling on modulation order: (To be discussed on Monday)
· 5 companies support to introduce DCI-based NWA signalling, while 2 companies prefer not to since:
· UE can correctly perform modulation order BD by option2A without DCI assistant.
· [bookmark: _Hlk135225183]Intensive discussion may be triggered in RAN1 and we face the risk that DCI bits for R-ML cannot be introduced.
· Considering the majorities’ view and the timeline for RAN1 Rel-18 frozen, can we agree the following?
· Use DCI-based NWA signalling as baseline solution for R-ML, and complete the content of the DCI signalling (at most 3 bits will be introduced) in Issue 1-2-3-2 in this RAN4 meeting.
· Send LS to RAN1 to check the feasibility of introducing the agreed new DCI bits for R-ML in this RAN4 meeting.
· Meanwhile, in parallel with the RAN1 discussion, discuss an alternative solution if finally new DCI bits cannot be introduced:
· Recommended alternative solution: R-ML receiver with only MAC-CE and/or RRC based NWA signalling.

[bookmark: _Hlk135325054][bookmark: _Hlk135324979]Issue 1-2-3-2: Content of the network signalling on modulation order
· Proposal 1: (Apple, MTK, Huawei)
	DCI 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)


· Note 1: The DCI field ‘000’ also indicates that the default assumptions (agreed to be indicated by DCI) is not invalid for all Co-UE(s).
· Note 2: “Bandwidth aligned” means that all co-scheduled UEs overlapping in frequency domain over the whole allocated bandwidth with target UE are using the same modulation order.
· Note 3: “PRB aligned” means that all co-scheduled UEs overlapping in frequency domain per PRB with target UE are using the same modulation order.
· Proposal 2: In addition to the DCI assistant signalling, introduce the RRC based signaling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs, or signal the maximum MCS index table (64QAM, 256QAM or 1024QAM table) used among all the (potential) co-scheduled UEs (Apple, Qualcomm)
· Proposal 3: 2 bits modulation order information for each co-scheduled UE or 1 bit modulation order set information for each co-scheduled UE to reduce blind detection complexity, the total number of introduced DCI bits is 2*N or N for the whole scheduled bandwidth of target UE, in which N is the number of co-scheduled UEs (Samsung)
· Proposal 4: RRC based signalling to inform the bitmap of modulation order. If not presented, the target UE may assume the Network uses the same modulation configuration as the target UE. (Ericsson)
	Bit value
	Content

	0
	{QPSK, 16QAM}

	1
	{64QAM, 256QAM}


· Proposal 5: (Qualcomm)
	Bitfield
	coUE modulation order

	00
	No co-schedule UEs are presented in the allocated resource to the target UE, or all the co-scheduled UEs are with different DMRS sequence than the target UE

	01
	PRB aligned
(Single coUE modulation
per PRB or PRG)

	10
	All the co-scheduled UE has the same modulation order with the target UE 

	11
	Other cases


· Recommended WF
· Check if the following RRC-based signaling could be firstly aggregable:
· RRC based signaling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs
· Further discuss the other proposals based on the decision on whether DCI-based NWA can be agreeable.


Issue 1-2-3-3: RS location information of the co-scheduled UE (To be discussed on Monday)
· Status in the last meeting WF in R4-2305914:
	Way forward
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· FFS whether to consider RRC signalling to inform UE whether the default assumption is needed


· Proposals on the signalling to inform UE if RAN4 default assumption not valid:
· Option 1: No RRC signaling is needed for this default assumption (Samsung, Ericsson, ZTE)
· Option 2: 1-bit RRC signaling (China Telecom, Nokia, Huawei)
· CTC: Under 8/16 or even larger Tx scenarios, the CSI-RS overlap with PDSCH will have larger impact to the R-ML receiving performance due to more REs is used by the NZP CSI-RS.
· Option 3: Implied by DCI signaling on MO if introduced (MTK, Huawei)
· Recommended WF
· TBA

Sub-topic 1-2-4: UE capability and network assistant signaling if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
· Status in the last meeting WF in R4-2305914:
	Candidate options:
· Option 1: Only consider RRC or MAC-CE based network assistance signalling
· Option 2: DCI 
· Option 3: FFS once it is agreed which information is to be signalled
· Option 4: Some of the information could be carried by DCI and others carried by higher layer
Way forward 
· Discuss separately for each parameter


· Proposals:
· Option 1: Only consider RRC or MAC-CE based network assistance signaling (Nokia, Ericsson)
· Option 2: Some of the information could be carried by DCI and others carried by higher layer (Samsung, MTK, ZTE, Huawei)
· Recommended WF
· Discuss under Issue 1-2-3-1.

Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
· Status in the last meeting WF in R4-2305914:
	Candidate options:
· Option 1: The granularity of the network assistant signalling should be the wideband
· Option 2: FFS until it is agreed which information is to be signalled
Way forward 
· Further discuss.


· Proposals:
· Option 1: The granularity of the network assistant signalling should be the wideband ([Nokia], Samsung, MTK)
· Option 2: wideband granularity for per co-schedule UE (ZTE)
· Recommended WF
· TBA

Issue 1-2-4-3: Capability signalling for advanced receiver for MU-MIMO (If introduced)
· Proposals:
· Option 1: Define optional UE capability signaling on MU-MIMO advanced receiver capability, in case NWA is agreed to be introduced (Samsung, Huawei)
· Option 1A:  Two new UE capabilities associated with the Proposal 1 in Issue 1-2-3-2 (Huawei)
· UE supporting R-ML receiver with modulation order of interference layers known
· UE supporting R-ML receiver with modulation order of interference layers blind detection
· Recommended WF
· Encourage feedback on option1A.

Topic #2: Simulation assumptions and results
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307336
	Apple
	simulation results for MU-MIMO
Simulation Results
Observation #1: The gain with R-ML receiver is high with medium correlation with 2x2.
Observation #2: Performance with E-IRC and baseline MMSE-IRC receiver is comparable with 2x2.
Observation #4: With orthogonal precoders, with TDL-A channel and 2+2 larger gain with R-ML receiver is observed when co-scheduled UE is using QPSK.
Observation #5: When target and co-scheduled UE use modulation order 16QAM and 64QAM respectively, the performance of R-ML is comparable to E-IRC with orthogonal precoders and low correlation.
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-UE is much smaller than target UE.

	R4-2307468
	Nokia, Nokia Shanghai Bell
	Observation 1: We do not see the need in phase I to include covering 2 co-scheduled UEs.
Proposal 1: Cover 1 co-scheduled UE as high priority. 
Observation 2: If 2 co-scheduled UEs are introduced in Phase I study, we see Option 1: Rank 1+1+1 to be a valid configuration.
Observation 3: Using MCS4 for target UE will secure requirement definitions for low SNR which is a valid scenario that represent both target UE and interference UE at cell edge.
Proposal 2: Cover MCS4 for rank 1 for initial simulation.
Observation 4: Aided blind detection of FDRA can be done with good performance when using option 1C: Target UE with frequency domain full PRB allocation (52PRBs) and Co-scheduled UE1 with PRB0~26 allocation.
Observation 5: Option 1A and option 1B are related to more than one co-scheduled UE and we do not see more than one co-scheduled UE as a priority configuration for Phase I.
Proposal 3: Cover “Maximum transmission bandwidth configuration for all UEs” (Scenario 1). Cover “Target UE with frequency domain full PRB allocation (52PRBs) and Co-scheduled UE1 with PRB0~26 allocation.” (Scenario 2, option 1C)

	R4-2307469
	Nokia, Nokia Shanghai Bell
	Simulation results

	R4-2307630
	China Telecom
	Proposal 1: Not to consider 2 co-scheduled UE for the scenario with full FDRA for all UEs, and we can further discuss the scenario with partial FDRA in the required information discussion part.
Proposal 2: Not to additionally consider MCS4 for phase I study.
Proposal 3: Support to cover QPSK, 16QAM and 64QAM for the co-scheduled layers:
-	For rank 1+1: QPSK
-	For rank 1+1: 16QAM
-	For rank 2+2: 64QAM
-	For rank 2+2: QPSK
Proposal 4: Only need to consider scenario 1 in the phase I study for the advanced receiver with genius information and cover scenario 2 for the DMRS port and FDRA blind detection in the required information study part.

	R4-2307631
	China Telecom
	Discussion on the phase I study for the advanced receiver for MU-MIMO: simulation results

	R4-2307632
	China Telecom
	Simulation result collection for advanced receiver for MU-MIMO

	R4-2307831
	Ericsson
	Proposal 1: Consider only 1 co-scheduled UE in phase II
Observation 1 : For scenario rank 2+2 the performance of MCS17 with 2x2 ULA low can have x.xdB gain for E-IRC receiver and x.xdB gain for R-ML receiver
Observation 2 : Configuring QPSK for the co-scheduled UE can have more gain comparing wih 64QAM for the co-scheduled UE
Proposal 2: Consider QPSK for the co-scheduled UE for scenario: rank 2+2

	R4-2307832
	Ericsson
	Simulation results

	R4-2307856
	MediaTek inc.
	Simulation results of Advanced receiver to cancel inter-user interference for MU-MIMO
Observations from MCS13 1+1 scenario:
Observation #1: 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 #2: 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 #3: 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 #4: 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.
Observations from MCS13 2+2 scenario:
Observation #5: 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 #6: 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 #7: 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 #8: 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.
Observations from MCS17 2+2 scenario:
Observation #9: 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 #10: 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 #11: 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 #12: 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.
Common observations:
Observation #13: E-MMSE-IRC gain over MMSE-IRC do not depend on modulation order of co-scheduled UE.
Observation #14: R-ML gain over MMSE-IRC increases when modulation order of co-scheduled UE decrease.
Observation #15: In TDLA30-10, MMSE-IRC and E-MMSE-IRC are practically equivalent.

	R4-2308406
	ZTE Corporation
	Observation 1. For RRC signalling, need more discussion whether RRC signalling can be considered for MU-MIMO. For DCI signalling, payload size and how to use bit information to represent the modulation order are most important aspects. For blind detection, complexity and performance could be considered .
Observation 2. From the perspective of mathematical theory, we can get E-MMSE IRC receiver weight matrix from MMSE-IRC weight matrix. 
Observation 3. E-MMSE-IRC receiver shows better performance than MMSE-IRC in TDLC propagation conditions. While E-MMSE-IRC receiver shows almost no gain in TDLA propagation conditions. 
Observation 4. If introduce DCI signalling which needs to include all information, this will be a great challenge for payload size.
Observation 5. R-ML receiver for blind detection with QPSK interference shows 2.5dB performance degradation . 
Proposal 1. UE can perform R-ML algorithm in serving layer and interference layer.
Proposal 2. To consider down-select R-ML as a candidate reference receiver could be based on simulation results.
Proposal 3. To consider 1-bit RRC signalling for DMRS information.
Proposal 4. To consider 1-bit RRC signalling for PRB bundling size.
Proposal 5. To consider 1-bit RRC signalling if default assumption is not valid.
Proposal 6. No need to consider RRC signalling to inform UE RS location information of the co-schedule UE.
Proposal 7. To consider some of the information could be carried by DCI(e.g., modulation order) and others could be carried by high layer.
Proposal 8. To consider wideband granularity for per co-schedule UE.

	R4-2308407
	ZTE Corporation
	Proposal 1. To consider MCS4 for rank 1.
Observation 1. R-ML receiver with QPSK interference shows 2.4dB performance gain. 
Observation 2. R-ML receiver with 64QAM interference shows 1.0 dB performance gain.

	R4-2308864
	Huawei, HiSilicon
	Observation1: R-ML performs much better than E-MMSE-IRC when modulation order of interference UE is smaller than serving UE. 
Observation2: E-MMSE-IRC has no performance gain over MMSE-IRC for TDLA30-10, even for TDLC300-100, the gain is limited.
Observation3: Random PMI increases the performance gain significantly compared to orthogonal PMI. 
Proposal 1: Focus on following conditions in Phase 1:
	Only 1 co-scheduled UE which has same bandwidth with target UE
	Rank 1+1:
	Target UE: MCS13， co-scheduled UE: QPSK, Random PMI, TDLC300-100, 2T2R, ULA Medium 
	Rank 2+2:
	Target UE: MCS13， co-scheduled UE: QPSK, Orthogonal PMI, TDLA30-10, 4T4R, ULA Low
	Target UE: MCS13， co-scheduled UE: 64QAM, Orthogonal PMI, TDLA30-10, 4T4R, ULA Low
	Target UE: MCS17， co-scheduled UE: QPSK, Orthogonal PMI, TDLA30-10, 4T4R, ULA Low
	Target UE: MCS17， co-scheduled UE: 64QAM, Orthogonal PMI, TDLA30-10, 4T4R, ULA Low
Proposal 2: RAN 4 focus on R-ML receiver for requirements definition in phase 2 and focus on conditions that modulation order of co-scheduled UE is smaller than target UE. E.g. (64QAM+QPSK)



Open issues summary
Issue 2-1-1: The number of co-scheduled UEs
· Status in the last meeting WF in R4-2305914:
	Candidate options:
· Option 1: 1 co-scheduled UE as higher priority
· Option 2: Cover 2 co-scheduled UEs at least in phase I study
Way forward
· Keep the previous meeting agreement:
· At least 1 co-scheduled UE 
· FFS whether more than 1 co-scheduled UE need to be considered, interested companies are encouraged to bring analysis and evaluation results
· Continue discussion in the next meeting. 


· Proposals:
· Option 1: (China Telecom)
· Not to consider 2 co-scheduled UEs for the scenario with full FDRA for all UEs
· Consider 2 co-scheduled UEs with partial FDRA in the required information discussion part
· Option 2: Only 1 co-scheduled UE (Huawei)
· Option 3: Cover 1 co-scheduled UE as high priority (Nokia)
· Recommended WF
· Encourage feedback on option 1.

Issue 2-1-2: MCS for the target UE
· Status in the last meeting WF in R4-2305914:
	Way forward
· Cover MCS 13 for rank 1 and rank 2 for initial simulation
· Cover MCS 17 for rank 2 for initial simulation
· Further discuss whether to cover MCS 4 for rank 1 in the next meeting
· The assumption can be updated later based on available results.


· Proposals on whether cover MCS 4 for rank 1:
· Option 1: Not to additionally consider MCS4 for phase I study (China Telecom, Huawei)
· Option 2: Cover MCS4 for rank 1 for initial simulation (Nokia, ZTE)
· Nokia: Using MCS4 for target UE will secure requirement definitions for low SNR
· Recommended WF
· TBA

Issue 2-1-3: Modulation order for the co-scheduled UE
· Status in the last meeting WF in R4-2305914:
	Way forward
· Maintain last meeting status from the modulation order perspective:
For R-ML, E-IRC and IRC (baseline in Rel-17, for performance comparison purpose) for initial simulation
· For rank 1+1: QPSK (high priority)
· For rank 2+2: 64QAM (high priority)
· For rank 2+2: QPSK (high priority)
· For rank 1+1 (64QAM) +1 (QPSK) (lower priority)
· For rank 1+1 (64QAM) +1 (16QAM) (lowest priority)
· Other options on the modulation order for co-scheduled UE are not precluded.
· These assumptions can be updated in the next meeting based on available simulation results.


· Proposals:
· Option 1: Not considering multiple modulation order in phase 1 (Huawei)
· Option 2: Cover QPSK, 16QAM and 64QAM for the co-scheduled layers (China Telecom)
· For rank 1+1: also cover 16QAM
· Recommended WF
· TBA

Issue 2-1-4: PDSCH resource allocation for the target and co-scheduled UE
· Status in the last meeting WF in R4-2305914:
	Candidate options:
· Candidate scenarios:
· Scenario 1: Maximum transmission bandwidth configuration for all UEs.
· Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.
· Full OFDM symbol allocation for both scenarios.
· Option 1: Cover both scenario 1 and scenario 2 in the phase I study
· Option 1A: Consider the following scenario for the study of R-ML and E-IRC with blind detection to the required information
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~19 allocation with 16QAM transmission.
· Co-scheduled UE2 with PRB40~51 allocation with QPSK transmission.
· Full OFDM symbol allocation.
· Option 1B:
	Allocation
	Layer 1
	Layer 2
	Layer 3
	Layer 4

	PRB 0 ~ PRB19
	Target UE
	UE3 64QAM
	UE1 16QAM

	PRB20 ~ PRB39
	
	
	None

	PRB40 ~ PRB51
	
	UE2 QPSK 
	


· Option 1C 
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~26 allocation.
· Option 2: Only consider scenario 1
· Option 3: FFS based on the conclusion for Issue 1-2-2-8
Way forward
· For initial simulation in phase I, cover scenario 1
· FFS whether to cover scenario 2, based on the discussion outcome in the NWA part.


· Proposals:
· Option 1: Only consider full FDRA scenario for the advanced receiver with genius information, and cover partial FDRA scenario in the required information study part (China Telecom)
· Option 2: Cover full FDRA scenario (scenario 1) and partial FDRA for the co-UE (scenario 2, option 1C) (Nokia)
· Option 3: Only consider full FDRA scenario (Huawei)
· Recommended WF
· Encourage feedback on option1.
Topic #3: TPs to TR 38.878
Companies’ contributions:
	T-doc number
	Company
	Proposals / Observations

	R4-2307470
	Nokia, Nokia Shanghai Bell
	TP for TR38.878: Summary of link level evaluation

	R4-2307833
	Ericsson
	TP to TR38.878: Link level simulation results

	R4-2308865
	Huawei, HiSilicon
	Draft TP on TR 38.878: Parameters for link level simulation



Topic #4: Phase II requirement definition
Companies’ contributions:
	T-doc number
	Company
	Proposals / Observations

	R4-2307466
	Nokia, Nokia Shanghai Bell
	Proposal 3: Requirements based on R-ML shall be defined with 1 co-scheduled UE either with assumption of aligned FDRA or with limitation of 2 interference layers when the FDRA cannot be assumed to be aligned
Proposal 10: Define requirements for rank 1+1, rank 2+2 cases based on ZP-CSI-RS aided blind detection of DMRS ports, sequence, MO, FDRA.
Proposal 11: Requirements shall be defined for Rank 1+1 and Rank 2+2 based on ZP-CSI-RS aided detection of Modulation order, DMRS ports and sequence.

	R4-2307831
	Ericsson
	Proposal 1: Consider only 1 co-scheduled UE in phase II

	R4-2308864
	Huawei, HiSilicon
	Proposal 2: RAN 4 to focus on R-ML receiver for requirements definition in phase 2 and focus on conditions that modulation order of co-scheduled UE is smaller than target UE. E.g. (64QAM+QPSK)

	R4-2309351
	Qualcomm Incorporated
	Proposal 7: 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 8: 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.



