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Introduction
This email thread discusses the advanced receiver for MU-MIMO part of the Rel-18 NR demodulation requirement evolution WI: in agenda 5.19.1.1 and 5.19.1.2.
List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: 
· Invite companies to provide comments in section 1.3 and 2.3.
· Invite companies to add simulation results in the draft summary.
· The TR work split will be discussion during the first round through a dedicated e-mail discussion. 
· 2nd round: TBA
· Discussion based on the draft WF.
Topic #1: Assumptions for the advanced receiver for MU-MIMO
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304107
	Nokia, Nokia Shanghai Bell
	Reference receiver assumption for R-ML
Observation 1: As we are early in Phase I of the analysis, we can do the selection of receiver assumption from the current options based on the simulation results delivered in this and the next meeting. Collect and compare results on all three options in RAN4#106b.
Information required for both E-MMSE-IRC and R-ML
The presence of co-scheduled UE
Observation 2: The presence of 1 co-scheduled interferer UE can be reliably blind detected
Proposal 1: UE shall do blind detection for the presence of 1 co-scheduled UE. Blind detection for the presence of a 2nd co-scheduled UE can be further studied.
The DMRS sequence information for the co-scheduled UE
Observation 3: Blind detection of sequences as captured in option 2A is very reliable for 1 co-scheduled UE 
Proposal 2: Option 2A (Same scrambling ids in DMRSConfigIE) shall be used as baseline for doing blind detection study
Proposal 3: Collect simulation results on blind detection of DMRS sequence as captured in option 2A for 1 to 2  co-scheduled UEs with different rank configurations (1+1, 1+3, 2+2, 1+1+1 etc).
The DMRS port information for the co-scheduled UE
Observation 4: Blind detection of 1 out of 3 possible DMRS ports is reliable with the assumption that CDM groups with PDSCH data have no interferer DMRS ports allocated.
Proposal 4: UE knows the DMRS port information of co-scheduled UEs based on blind detection.
Proposal 5: Collect simulation results on blind detection of DMRS ports which include differences in target and interference PDSCH/DMRS power levels.
Precoding granularity for the co-scheduled UE
Observation 5: It is unlikely that a deployed network will co-schedule 2 UEs with different precoding granularity. As such this information can be derived from the target UE’s own configuration.
Proposal 6: Precoding granularity of the co-scheduled UEs shall be assumed to be the same.
DMRS power boosting for the co-scheduled UE
Observation 6: DMRS power boosting is used to give same average power in DMRS and PDSCH symbols.
Observation 7: Average power per OFDM symbol is same for all scheduled UEs.
Observation 8: DMRS power boosting can be derived from observation of “Average power per OFDM symbol is same for all scheduled UEs.” and the number of layers scheduled for each UE.
Proposal 7: It can be assumed to be typical scenario for paired UE, that power boosting is chosen such that each UE has same average DMRS and PSCH symbol power. There is no need to signal DMRS power boosting information.
The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Observation 9: Transmission power ratio of co-scheduled UEs is not needed for demodulation.
Proposal 8: UE does not need to know the transmission power ratio of co-scheduled UEs.
Time domain resource allocation information of the co-scheduled UE
Proposal 9: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs (option 1).
Frequency domain resource allocation information of the co-scheduled UE
Proposal 10: UE needs to know the frequency domain allocation in case it is not the same with the target UE (option 1). UE shall obtain the needed information by blind detection.
Additional information required for R-ML
Observation 10: Blind modulation order detection can achieve 70 % maximum throughput with a performance loss of less than 2 dB for QPSK and 16QAM.
Observation 11: In some scenarios with our simple implementation 10% BLER is not always achievable with blind detection of modulation order when 16QAM or 64QAM interference modulation order is used. 
Proposal 11: Blind modulation order detection shall be studied with different ranks and target to interference PDSCH power ratios with focus on performance loss as compared to genie R-ML receiver at:
a) 70% throughput point
b) 10% BLER.
Proposal 12: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE (Option 1).
Signalling for network assistant information if introduced
Proposal 13: Postpone the decision of RRC/MAC-CE and DCI until it is agreed which information (if introduced) is to be signalled.
Proposal 14: Postpone the decision network assistant signaling (if introduced) granularity, until after the discussion into what information is required.

	R4-2304138
	Apple
	Reference Receiver 
Observation #1: Gains from R-ML receiver in MU-MIMO is observed when UE performs joint detection of target and co-scheduled UEs from the cell.
Observation #2: Processing complexity at the UE is significantly increased with joint detection of co-scheduled UE layers.
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: Define reference receiver with R-ML for MU-MIMO where 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. 
Information required for E-MMSE-IRC and R-ML
Observation #4: The presence of co-scheduled UE can be easily signaled by network without significant overhead.
Proposal #2: If DMRS sequence of co-scheduled user is different from target, it should be signaled to the UE.
Proposal #3: DMRS port information of co-scheduled UE could be signaled along with target UE port.
Observation #6: Precoding granularity of co-scheduled UE is needed for better channel estimation performance. 
Observation #7: If UE assumes same precoding granularity as itself for co-scheduled UE in channel estimation, a mismatch could lead to performance degradation. 
Proposal #4: UE is provided assistance information on precoding granularity of co-scheduled UE if different from target UE.
Proposal #5: The DMRS boosting of co-scheduled UE is indicated to the UE.
Observation #8: It is unclear what the transmission power ratio of co-scheduled UEs refers to. 
Observation #9: The interfered symbols and PRBs of target UE should be indicated for MU-MIMO advanced receiver. 
Observation #10: Is it to be clarified if slot-based transmission can also be assumed for co-scheduled user.
Observation #11: The modulation order detection for co-scheduled UEs adds additional complexity especially when number of co-scheduled UEs is unknown or more than 1.
Proposal #6: The modulation order of co-scheduled layers is signaled to the UE.
Signaling of network assistant information
Observation #12: The signaling could be RRC, or MAC-CE or DCI based depending on what parameters are being signaled via network assistance. 
Proposal #7: RAN4 further discuss signaling of network assistance once there is consensus on what is included in assistance information for co-scheduled UE.

	R4-2304253
	Intel Corporation
	Observation 1-1. R-ML receiver shows better performance than E-IRC especially with QPSK interferer. Under orthogonal precoder selection, the gain is 2.5 ~ 5.9 dB while E-IRC shows almost no gain at 70% TP SNR.
Observation 1-2. R-ML receiver with 64QAM interferer shows 0.1 ~ 1.4 dB gain in orthogonal precoder selection.     
Observation 1-3. Considering the marginal gain with 64QAM interferer and complexity/performance trade-off of blind detection, it is desirable to signal modulation order if it is feasible in terms of overhead.   
Proposal 1. Down-select R-ML as a candidate reference receiver to define advanced MU-MIMO performance requirements.
Proposal 2. Consider a modified Option 2 for R-ML receiver in terms of total layer (serving + interfering) and modulation of order as the same capability for SU-MIMO detection (Total 2 / 4 layers for 2Rx / 4Rx UE) with network assisted signalling on modulation order of interfering layers. 
Proposal 3. Consider R-ML receiver without blind detection on modulation order at least for aligned PDSCH scenario and introduce corresponding DCI-based network assistance.
Proposal 4. RAN4 to investigate the efficient network assistance signalling scheme jointly considering presence of co-channel port(s) and modulation order of the port(s).
Observation 4. The conclusion of low PAPR DMRS study in Rel-16 is as below and we can see that it is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users.
1) For Rel-15 UE, it is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users i.e FDM-wise DMRS multiplexed users.
2) The concept 1) is extended in Rel-16 to reduce PAPR when single user is assigned multiple CDM groups (higher rank case). In this case, two different scramblingID0 and scramblingID1 are applied to even and odd CDM groups when nSCID = 0 (odd and even CDM groups when nSCID = 1).
Proposal 5: UE may assume the following on DMRS signals configuration for the channel estimation of co-channel users 
1) DMRS parameters in DMRS-DownlinkConfig are aligned for co-scheduled UEs
2) UE is assumed to know the presence of co-scheduled UEs
3) PAPR favourable nSCID assignment is used as described in Observation 4
Proposal 6. RAN4 to investigate the necessity of signalling for UE to be aware of MU-MIMO favourable assumption on co-channel UEs. FFS on the scope the assumptions including the following candidates.
- Same PDSCH allocation region between paired users
- Same precoding granularity
- Fixed allocation rules on nscid as in Proposal 5. 
- Same DMRS-DownlinkConfig
Proposal 7. Do not consider network assistance or blind detection of CSI-RS/PT-RS for R-ML receiver and the respective signals can be handled as regular PDSCH interference.
Proposal 8. RAN4 to investigate the scenario of non-zero allocation transition in each interfering layer and their implication on the receiver structure in terms of capability regarding ML layers and blind detection.

	R4-2304359
	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.
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 2: Introduce the signaling to inform UE whether the PRG allocation is aligned across the co-scheduled UEs in different CDM groups. The signaling format depends on how static this information is in the real deployment.
Proposal 3: Introduce the signaling to inform UE numbers of CDM groups without data of the co-scheduled UEs, or at least inform UE whether numbers of CDM groups without data are aligned across all co-scheduled UEs.
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 4: 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 co-scheduled UEs, if not which serving PDSCH symbols are interfered by the same set of co-scheduled UEs
•	Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
•	Whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs
Proposal 5: The alignment of modulation order across all the (interfering) co-scheduled UEs is an important information for R-ML receiver, and RAN4 can study how beneficial it is to introduce the signaling to inform UE whether the modulation orders are aligned.
Proposal 6: Informing UE whether the co-scheduled UE exists across the entire bandwidth is critical for UE to decide whether to enable R-ML or use legacy receiver. However, the existence of co-scheduled UEs on each port and RE signaling requires huge overhead and may not be practical.  
Proposal 7: Network should ensure that DMRS sequence and seed are aligned across co-scheduled UEs.
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 8: Do not consider additional requirement for E-LMMSE-IRC receiver.

	R4-2304669
	ZTE Corporation
	Proposal 1. UE could perform R-ML algorithm for serving and all co-scheduled UEs in all layers.

	R4-2304670
	ZTE Corporation
	Observation 1. If UE perform blind detection for co-schedule UE, the complexity should be  , where N is the number of layers for co-schedule UE.
Proposal 1. UE can perform blind detection to obtain the presence of co-schedule UE.
Proposal 2. For same CDM group users, DMRS sequences for all co-schedule UEs are same; For different CDM group, DMRS sequences for all co-schedule UEs can be same or different, and blind detection could be considered for different CDM group.
Proposal 3. Blind detection should be studied for DMRS port information for the co-schedule UE.
Proposal 4. UE could perform blind detection to obtain precoding granularity for the co-schedule UE.
Proposal 5. Not to consider the transmission power ratio of co-scheduled users PDSCH to own PDSCH.
Proposal 6. To consider UE needs to know the time domain allocation if it is different from the target UE.
Proposal 7. UE needs to know the frequency domain allocation of the co-schedule UE and perform perform power detection for each PRB.
Proposal 8. To consider introducing assistant information signalling for modulation order.
Proposal 9. To consider RRC signalling as priority, if introduce network assistant information.

	R4-2304684
	China Telecom
	Proposal 1: Study the required information and introduce necessary signaling if needed, to ensure the UE could perform R-ML receiving for all co-scheduled layers.
Proposal 2: For the required information and possible other WG impact discussion, in general:
-	For the corner cases which are seldom occurred in practical, not to consider the related parameters in the NWA and UE can simply apply a default assumption.
-	For the parameters that agreed to be needed, discuss whether there could be other methods to obtain such information, e.g., by blind detection, where the performance loss should be studied.
-	Consider NWA for the information that blind detection could not be feasible.
Observation 1: The presence of co-scheduled UE information could be obtained by several methods, thus UE may not need additional detection process or extra bit for this single information.
-	Obtained simultaneously while UE performing blind detection to the co-scheduled DMRS port;
-	Could be indicated while configured other parameters in the NWA (if introduced)
Proposal 3: FFS on how presence of co-scheduled UE information could be obtained, after we have reached consensus on other issues including the DMRS port information and NWA contents (if introduced).
Observation 2: The NW is highly likely not to configure such parameter and cell ID will be used, or simply configure the same scrambling IDs for all UEs.
Observation 3: For the n_"SCID"  information, if supported, the BS can configure the dmrs-Downlink IE to reduce the DMRS PAPR for all UEs in the cell. However, if the co-scheduled UE is in Rel-15 that cannot apply the configured n_"SCID" , then it may still lead to different DMRS sequence for the UEs on different CDM groups.
Proposal 4: UE can assume the N_"ID" ^0,N_"ID" ^1 for all co-scheduled UEs are the same with that of the target UE.
Proposal 5: RAN4 to discuss whether the situation in Observation 2 could be valid in practical and if so, discuss whether UE could perform blind detection for n_"SCID" ∈{0,1}
Proposal 6: Assume the DMRS type, DMRS additional position and the maximum length information is the same with that of the target UE.
Observation 4: The complexity of the blind DMRS port detection is not high. However, unaligned precoding granularity for different UEs, will lead to incorrect channel estimation for the co-scheduled UE.
Proposal 7: RAN4 should firstly study the feasibility of per PRB blind DMRS port detection based channel estimation for the co-scheduled UE.
Observation 5: The target UE could obtain the transmission power of the co-scheduled PDSCH by measuring the co-scheduled DMRS with applying the same ‘PDSCH EPRE to DM-RS EPRE’ as the target UE.
Proposal 8: With the same DMRS configuration type as well as the same DMRS CDM group configuration, whether DMRS power boosting is enabled should be the same for both target and the co-scheduled UE.
Proposal 9: There is no need for the target UE to be indicated the transmission power ratio of co-scheduled PDSCH to own PDSCH.
Proposal 10: Not to consider the uneven inter-user interference in the time domain and UE can assume the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs.
Observation 6: In the real network, BS could allocate different PRBs specifically for each UE, considering the different traffic load and different channel condition on each PRB.
Proposal 11: RAN4 to discuss whether frequency domain uneven IUI caused by different PRB allocation could be solved by UE performing per PRB detection to the co-scheduled DMRS port. Considering the following scenario:
	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.
Observation 7: It could be possible for the UE to perform detection for the modulation order by, for example, calculate the likelihood for each of the possible modulation order among {QPSK, 16QAM, 64QAM, 256QAM, 1024QAM}, and the complexity could be decreased if the UE could be acknowledged the MCS Table information.
Proposal 12: RAN4 to discuss whether the UE could obtain such information by detection methods.
Proposal 13: Not to consider the uneven inter-user interference caused by different RS location configuration and UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Proposal 14: For the needed information to be signaled, RAN4 to discuss whether some of the information could be carried by DCI and others could be carried by higher layer.

	R4-2304902
	Samsung
	Proposal 1: No need to introduce explicit network assistant information signalling for the presence of co-scheduled UE.
Proposal 2: Introduce the configuration pattern or rule for MU-MIMO DMRS sequence related parameters, i.e. DMRS sequence initialization seed and DMRS sequence scrambling ID.
Proposal 3: Introduce DMRS port related assistant information signalling for co-scheduled UEs.
Proposal 4: UE assumes the precoding granularity of co-scheduled UEs is always 2.
Observation 1: The same DMRS power boosting is assumed for paired UEs by current antenna port ordering Table 7.3.1.2.2-1- Table 7.3.1.2.2-4 in TS 38.212.
Proposal 5: No need to introduce the transmission power ratio study of MU-MIMO scenario.
Proposal 6: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs.
Proposal 7: UE needs to know the frequency domain allocation by assistant information signalling in case it is not the same with the target UE.
Proposal 8: UE needs to know the modulation order related information by assistant information signalling, such as modulation order set. 
Proposal 9: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Proposal 10: DCI signalling should be used for the network assistant information.
Proposal 11: The granularity of the network assistant signalling should be the wideband.

	R4-2305119
	MediaTek Inc.
	Proposal #1: UE perform R-ML algorithm for serving and all co-scheduled UEs with known modulation order in the cell.
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 #2: UE needs to know the presence of MU-MIMO transmission by assistant information signalling.
Proposal #3: UE assumes the DMRS sequences for all co-scheduled UEs are always the same with that of the target UE.
Proposal #4: Blind detection of DMRS port information for the co-scheduled UEs should be studied if UE gets indication of the presence of MU-MIMO transmission.
Proposal #5: Study if UE can assume the pre-coding granularity of co-scheduled UEs to be the same as own granularity.
Proposal #6: DMRS power boosting for the co-scheduled UE can be ignored in context of this WI.
Proposal #7: The transmission power ratio of co-scheduled users PDSCH to own PDSCH can be ignored in context of this WI.
Proposal #8: UE can assume the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs.
Proposal #9: Blind detection of frequency domain resource allocation of the co-scheduled UEs should be studied if UE gets indication of the presence of MU-MIMO transmission.
Proposal #10: UE with R-ML needs to know the modulation order information for each co-scheduled layer by assistant information signalling.
Proposal #11: UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Proposal #12: Signalling for the network assistant information is done with DCI.
Proposal #13: Granularity of the network assistant signalling should be for the whole bandwidth of serving UE considering the overhead limitation.

	R4-2305468
	Huawei, HiSilicon
	Proposal 1:  RAN4 shall speed up the progress of NWA discussion which should be completed before the end of May meeting and leave one meeting to RAN1 for further discussion
Observation 1: The outcome of blind detection study in Rel-17 CRS-IM demonstrates that interference presence and position detection has good robustness which can be extended to MU-MIMO interference cancellation since the power detection algorithm is consistent.
Proposal 2: Don’t study any blind detection except modulation order of interference UE
Proposal 3: RAN 4 to apply the R18 advanced receiver for the scenario that all paired UEs have same DMRS sequence
Proposal 4: Don’t introduce signaling on DMRS port 
Proposal 5: Introduce 1 bit DCI based signaling including following:
	When PRG of serving UE equals to 2 or 4, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in each PRG-level grid.
	When PRG of serving UE equals to wideband, the signaling indicates whether each co-scheduled UE has same precoding across all RBs in the whole bandwidth.
Proposal 6: Discuss whether same DMRS power boosting configured for paired UE is typical scenario.
Proposal 7: Don't consider power ratio of co-scheduled users PDSCH to own PDSCH.
Proposal 8: UE always assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs 
Proposal 9: UE is assumed to perform per PRB detection to acquire the frequency domain resource of co-scheduled UE.
Proposal 10:  Use DCI to carry the signalling and set the granularity to the whole actual frequency resource scheduled for target UE.
Proposal 11:  Introduce new bits in DCI format 1_1 to carry the signalling and set the granularity to the whole actual frequency resource scheduled for target UE. Meanwhile, RRC indication is necessary to indicate the presence of this new bit field.
Proposal 12: Use examples listed in Table 2-2 and Table 2-3 as start point for signalling design on modulation order

	R4-2305658
	Ericsson
	Proposal 1: To assume performing R-ML algorithm for serving and all co-scheduled UEs in the cell when the number of co-scheduled UE is no more than 1 and the number of interference layers are no more than 2
Observation 1: The presence of the co-scheduled UE is necessary to be known by the target UE
Observation 2: For applying the E-MMSE-IRC receiver, following information of co-scheduled UE is needed:
	DMRS port numbers used by co-schedued UE(s)
	DMRS sequence information (e.g., n_SCID, N_ID^0, and N_ID^1) configured on the used DMRS port 
Observation 3: For applying the R-ML receiver, following information of the co-scheduled UE is needed:
	DMRS port numbers used by co-schedued UE(s)
	DMRS sequence information (e.g., n_SCID, N_ID^0, and N_ID^1) configured on the used DMRS port  
	Modulation information (e.g., QPSK, 16QAM) configured on the used DMRS port
Proposal 2: RAN4 to discuss how to acquire the related needed information after one or both candidate receivers are agreed for phase II. 
Proposal 3: RAN4 to only consider RRC or MAC-CE based network assistance signaling if it is agreed to be introduced



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 R4-2302929
· [bookmark: _Hlk132115361]Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell
· Option 2: UE perform RML algorithm for serving layer(s) + x interference layer(s)
· Option 2A: x depends on UE’s capability of modulation order detection and perform E-IRC algorithm for rest interference layers
· Option 3: UE can perform R-ML algorithms in the scenario with one additional co-scheduled UE (besides the UE under test) on all the interfering layers at each slot on the same frequency domain resource
· Proposals:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell (China Telecom, ZTE, MTK)
· CTC: Necessary signalling can be introduced to ensure the feasibility of option 1.
· MTK: UE should know the modulation order from all co-scheduled UEs.
· Option 2: R-ML receiver in terms of total layer (serving + interfering) and modulation order (Intel)
· 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 (Apple)
· 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 (Ericsson)
· Recommended WF
· TBA

Issue 1-1-2: Reference receiver 
· Status in the last meeting WF in R4-2302929
· Consider both R-ML and E-IRC in initial evaluation stage
· Proposals:
· Option 1: Down-select R-ML as a candidate reference receiver to define phase II requirements (Intel, Qualcomm)
· QC: LMMSE-IRC and E-LMMSE-IRC are statistically equivalent and can be proved mathematically.
· Recommended WF
· To be decided later 

Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
· Status in the approved work plan in R4-2300128:
· Phase I conclusion will be made in RAN4#108 in Aug 2023 and submitted to RAN#101 in Sep 2023
· Proposals:
· Option 1: Complete the NWA discussion before the end of RAN4 May meeting (Huawei)
· HW: RAN 1 will freeze the Rel-18 at 2023, Q3, the time is very limited
· GTW Agreement: 
· RAN4 should prioritize NWA related topics (especially for DCI related signalling) for this WI in Q2.

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 R4-2302929
· Whether this information is needed:
· [bookmark: _Hlk127895542]UE should know the presence of MU-MIMO transmission
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied 
· [bookmark: _Hlk132125684]Option 2: By assistant information signalling
· Proposals on how this information could be obtained by the UE:
· Option 1: Blind detection should be considered (Nokia, ZTE)
· Nokia: Blind detection for the presence of 1 co-scheduled UE is feasible. Blind detection for the presence of a 2nd co-scheduled UE can be further studied
· ZTE: UE can perform blind detection for DMRS ports to obtain the presence of co-schedule UE.
· Option 2: By assistant information signalling (Apple, Intel, Qualcomm, MTK, Huawei)
· QC: Informing UE whether the co-scheduled UE exists across the entire bandwidth is critical for UE to decide whether to enable R-ML or use legacy receiver.
· MTK: Blind detection would cause unnecessary UE processing and power consumption when MU-MIMO transmission is not used
· Option 3: Through signalling of other parameters or by blind detection to the DMRS port information to be discussed (China Telecom, Samsung, [ZTE])
· CTC: This issue should be FFS after we have reached consensus on other issues including the DMRS port information and NWA contents (if introduced)
· Samsung: No need to introduce explicit network assistant information signalling.
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with modulation order and DMRS port (Intel)
· Recommended WF
· Companies have also proposed to introduce signaling of other parameters, e.g., DMRS sequence parameters, DMRS port information, modulation order and so on. If introduced, this presence of co-scheduled UE can be known from other parameters.
· Recommend to postpone this issue after the agreements of other information are reached.

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Whether this information is needed:
· UE should know the DMRS sequence information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: UE assumes the DMRS sequences for all co-scheduled UEs are always the same with that of the target UE
· Option 2: Blind detection should be studied
· Option 2A: UE can assume DMRS parameters in DMRS-DownlinkConfig is same for all UEs. It is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users. For nSCID ∈ {0, 1}, UE can either perform blind detection or require signaling. 
· Option 3: By assistant information signalling
· Option 3A: Assistant information on whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs
· Proposals on how this information could be obtained by the UE:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Option 1: Assume same as that of the target UE (China Telecom, Nokia, Intel, [ZTE], Samsung)
· Option 2: Should be signalled if it is different from that of the target UE (Apple)
· For the scrambling ID information:
· Option 1: Assume same as that of the target UE (China Telecom, Nokia, Apple, Qualcomm, ZTE, MTK, Huawei)
· Option 2: Assume different scramblingID0 and scramblingID1 are applied to different CDM groups (Intel)
· Option 3: Signalling should be considered ( MTK in case option 1 is not valid)
· Option 4: Through signalling of other parameters (Samsung)
· Samsung: gNB configure different scrambling ID for the target UE and co-scheduled UEs, the configuration is based on defined pattern or rule, then target UE could obtain scrambling ID information based on the defined pattern or rule (Samsung)
· For the  information:
· Option 1: Study the feasibility of UE blind detection for ∈{0,1} (China Telecom, Nokia, ZTE)
· CTC: BS may configure the dmrs-Downlink IE to reduce the DMRS PAPR for all UEs in the cell. However, the Rel-15 UE cannot apply the configured . May still lead to different DMRS sequence for the UEs on different CDM groups
· Option 2: Default assumption could be assumed (Intel, MTK, Huawei)
· Option 2A: UE assume nSCID is always different between different CDM groups (Intel)
· Option 2B: Assume same with target UE (MTK, Huawei)
· Option 3: Network should ensure that DMRS sequence and seed are aligned across co-scheduled UEs (Qualcomm)
· Option 4: Signalling should be considered (Apple, MTK in case option 2 is not valid)
· Option 4A: Should be signalled if it is different from that of the target UE (Apple)
· Option 5: Through signalling of other parameters (Samsung)
· Samsung: gNB configure different  for the target UE and co-scheduled UEs, the configuration is based on defined pattern or rule, then target UE could obtain   information based on the defined pattern or rule (Samsung)
· Proposals on how the NWA is signalled (if introduced):
· Option 1: Introduce the configuration pattern or rule for MU-MIMO DMRS sequence related parameters (Samsung)
· GTW outcome:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length
· Option 1 agreed
· Further check whether any restriction already exist in RAN1 specification, if not RRC signaling can be considered to inform UE whether RAN4 default assumption valid or not
· For the scrambling ID information:
· Tentative agreement: Option 1: Assume same as that of the target UE agreed as RAN4 default assumption
· FFS whether RRC signaling can be considered to inform UE if RAN4 default assumption not valid
· Recommended WF
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Further check whether any restriction already exist in RAN1 specification, if not RRC signaling can be considered to inform UE whether RAN4 default assumption valid or not
· For the scrambling ID information:
· Check whether the tentative agreement can be agreed.
· For the  information:
· Discuss whether a default assumption could be valid. If not, discuss either option 1 or option 4 can be agreed.

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Whether this information is needed:
· UE should know the DMRS port information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling
· Proposals on how this information could be obtained by the UE:
· Option 1: Blind detection could be considered (China Telecom, Nokia, ZTE, MTK in case presence information is indicated, Huawei)
· Option 1A: Study the performance of blind detection (China Telecom, Nokia, ZTE, MTK in case presence information is indicated)
· Option 1B: Leave to UE’s blind detection and don’t study the performance of blind detection (Huawei)
· Option 2: Signalling should be considered (Apple, Samsung, Intel)
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling (Intel, Apple, Samsung)
· GTW agreements
· 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
· [bookmark: _Hlk132702196]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 
· Recommended WF
· Encourage input for detailed assumptions for BD performance evaluation.

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Whether this information is needed:
· [bookmark: _Hlk132118065]Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Other options are not precluded
· Proposals on whether this information is needed:
· Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs if different from target UE (Apple, Qualcomm, ZTE, Samsung, MTK, Nokia, Intel)
· Option 2: By per PRB channel estimation, the pre-coding granularity information is not needed (China Telecom)
· Proposals on how could be obtained if needed:
· Option 1: Blind detection could be considered (ZTE)
· Option 2: Default assumption could be assumed (Samsung, MTK, Nokia, Intel)
· Option 2A: The precoding granularity of co-scheduled UEs is always 2 (Samsung)
· Option 2B: The precoding granularity of co-scheduled UEs is same with that of target UE (MTK, Nokia, Intel)
· Option 3: Introduce assistant signalling (Qualcomm. Huawei)
· Option 3A: Inform UE whether the PRG allocation is aligned across the co-scheduled UEs in different CDM groups (Qualcomm)
· Option 3B: Indicates whether each co-scheduled UE has same precoding across all RBs in each PRG-level grid (target PRB bundling size is 2 or 4) or in the whole bandwidth (target PRB bundling size is wideband). (Huawei)
· Recommended WF
· On whether this information is needed:
· UE needs to know the pre-coding granularity of co-scheduled UEs if different from target UE
· How could be obtained
· Companies to check whether a default assumption could be valid. 
· If not, companies to give preference on the below options:
· Option 1: Blind detection
· Option 2: By performing per PRB channel estimation
· Option 3: Introduce assistant signalling

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Option 1: Discuss whether same DMRS power boosting assumed for paired UE is typical scenario
· Other options are not precluded
· Proposals:
· Option 1: DMRS power boosting should be the same for both target and the co-scheduled UE. (China Telecom, Nokia, Intel, Samsung)
· Nokia: For paired UE, the power boosting is chosen such that each UE has same average DMRS and PDSCH symbol power.
· HW: Discuss whether same DMRS power boosting configured for paired UE is typical scenario.
· Option 2: Numbers of CDM groups without data of the co-scheduled UEs should be signalled, or at least inform UE whether numbers of CDM groups without data are aligned across all co-scheduled UEs. (Apple, Qualcomm)
· Option 3: No impact to the WI scope (MTK)
· Recommended WF
· Can option 1 be agreeable and conclude no explicit information is needed?

Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Status in the last meeting WF in R4-2302929
· Whether this information is needed:
· Option 1: UE should know the transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Other options are not precluded
· Proposals on whether this information is needed:
· Option 1: No need for the target UE to know the transmission power ratio of co-scheduled PDSCH to own PDSCH (China Telecom, Nokia, Intel, ZTE, Samsung, MTK, Huawei)
· CTC: The target UE could obtain the transmission power of the co-scheduled PDSCH by measuring the co-scheduled DMRS with applying the same ‘PDSCH EPRE to DM-RS EPRE’ as the target UE.
· Recommended WF
· Option 1 can be agreed.

Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
· WI scope in the approved WID RP-230314:
	Evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO
· Phase I: Study the performance gain, reference receiver assumption, interference modelling, testability, required signalling overhead, as well as impact on other WGs 
· Further discuss reference receiver assumption with below candidates
· E-MMSE-IRC
· R-ML
· Target scenario: Focus on slot based transmission


· Status in the last meeting WF in R4-2302929
· Option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs 
· Option 2: UE needs to know the time domain allocation in case it is not the same with the target UE
· Option 3: Assistant signalling should be introduced
· Whether all the serving PDSCH symbols are interfered by the same set of co-scheduled UEs
· If not, which serving PDSCH symbols are interfered by the same set of co-scheduled UEs 
· Proposals:
· Option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs (China Telecom, Nokia, Intel, Samsung, MTK, Huawei)
· Option 2: UE needs to know the time domain allocation if it is different from the target UE (ZTE)
· Option 3: Introduce the following signalling (Qualcomm, [Apple])
· Whether all the serving PDSCH symbols are interfered by the same set of co-scheduled UEs, if not which serving PDSCH symbols are interfered by the same set of co-scheduled UEs
· Recommended WF
· Can option 1 be agreed?

Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Whether this information is needed:
· Option 1: UE should know the frequency domain resource allocation information of the co-scheduled UE
· Option 2: UE needs to know the frequency domain allocation in case it is not the same with the target UE
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Option 2: UE shall assume that interference UEs have same PDSCH resource allocation as its own PDSCH
· Option 3: By assistant information signalling
· Proposals on whether this information is needed:
· Option 1: UE should know the frequency domain resource allocation information of the co-scheduled UE (China Telecom, Nokia, [Apple], Qualcomm, ZTE, Samsung, MTK, Huawei)
· CTC: BS could allocate different PRBs specifically for each UE, considering the different traffic load and different channel condition on each PRB.
· Proposals on how this information could be obtained:
· [bookmark: _Hlk132376850]Option 1: Blind detection could be considered (China Telecom, Nokia, Intel, ZTE, MTK in case presence information is indicated, Huawei)
· Option 1A: Study the feasibility of blind detection (CTC, Nokia, Intel, ZTE, MTK in case presence information is indicated)
· CTC: The following scenario is proposed:
· 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.
· Option 1B: Investigate the non-aligned MU-MIMO PDSCH scenario with constraints on the number of overlapping PDSCH in each co-scheduled layer (Intel)
· Option 1C: Leave to UE’s blind detection and don’t study the performance loss of blind detection (Huawei)
· Option 2: Signalling should be considered (Apple, Qualcomm, Samsung)
· Option 2A: The interfered PRBs of target UE should be indicated (Apple)
· Option 2B: Inform UE whether the co-scheduled UE exists across the entire bandwidth (Qualcomm)
· Option 2C: Signalling in case it is not the same with the target UE (Samsung)
· Moderator’s observation:
· For both E-IRC and R-ML, on each of the allocated PRBs, the target UE needs to know whether and which DMRS port(s) are used by the co-scheduled UE(s), for performing channel estimation purpose.
· For this channel estimation purpose, the Issue 1-2-2-3 and Issue 1-2-2-8 can be discussed together, and we can check if it is feasible to do blind detection of co-scheduled UE DMRS ports with per-PRB granularity.
· For R-ML, if the co-scheduled UE(s) exist, the target UE needs to know on which PRBs the same co-scheduled UE(s) and modulation order(s) can be assumed.
· Recommended WF
· For performing channel estimation of the co-scheduled UE(s) purpose, evaluate the performance of co-scheduled DMRS port information blind detection as agreed in Issue 1-2-2-8.
· For obtaining the modulation order of the co-scheduled UE(s) purpose, 
· It seems difficult to signal the resource allocation information of the co-scheduled UE(s) completely by DCI, considering the DCI payload size.
· Solutions, including blind detection, RRC and/or MAC CE signalling, DCI signalling, and combinations of them, are encouraged.

Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Whether this information is needed:
· UE with R-ML should know the modulation order information for each co-scheduled layer
· If needed, how could be obtained by the UE:
· [bookmark: _Hlk132122494]Option 1: Blind detection should be studied
· [bookmark: _Hlk132126361]Option 2: By assistant information signalling the modulation order information
· Option 3: Introduce the following signaling to reduce the search space
· MCS Table for each co-scheduled UE;
· Number of co-scheduled UEs in each slot on each RB
· Proposals on how this information could be obtained:
· Option 1: Study the performance of blind detection (China Telecom, Nokia, Huawei, Qualcomm)
· Option 1A: Introduce signalling to reduce the search complexity for blind detection (Huawei, Qualcomm, Samsung)
· Option 2: By assistant information signalling the modulation order information (Apple, ZTE, Samsung, MTK, Intel)
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with DMRS port and co-scheduled UE presence information (Intel)
· Option 2: (Qualcomm)
· Introduce RRC based signalling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs 
· Study how beneficial it is to introduce the signalling to inform UE whether the modulation orders are aligned across co-scheduled UEs
· Option 3: Introduce DCI signalling to limit the total hypotheses of modulation order target UE to blindly detect up to 4 (Huawei)
· Option 4: Introduce DCI signalling to assist blind detection, such as 1 bit modulation order set information for each co-scheduled UE to reduce search space, for example, when gNB decide 16QAM for a co-scheduled UE, then gNB transmit 1 bit to indicate the modulation order of this co-scheduled UE is in the set {16QAM, 64QAM} (Samsung)
· Recommended WF
· How this information could be obtained:
· As a balance of UE complexity and the signalling overhead, it is recommended to agree option 1A.
· Discuss what kind of information is signalled to reduce the UE complexity and to ensure R-ML performance.

Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
· Proposal 1: (Intel)
	Signalling Overhead
	DCI signalling Info.
	Antenna Port
= 1000 + DMRS Port (P)

	2 bits
	maxMIMO-Layers = 2
	00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1}

	6 bits
	maxMIMO-Layers = 4
	For 3 interfering ports in cyclic order from desired layer, each 2 bits represent as
00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1, 2, 3}



· Proposal 2: Use examples listed in below as start point (Huawei)
· Example 1:
	Bit value
	Content
	UE behaviour 

	00
	No co-scheduled UE paired
	UE fallback to MMSE-IRC receiver directly

	01
	In any PRB, all co-scheduled UE have same modulation order  which is smaller than or equal to serving UE
	UE blindly detect modulation order of all interference layers with less than 4 possibilities

	10
	In any PRB, all co-scheduled UE have same modulation order. But at least in one PRB, interference UE’s modulation order is larger than serving UE
	UE blindly detect modulation order of all interference layers with 4 possibilities

	11
	At least in one PRB, co-scheduled UEs have different modulation order 
	UE fallback to E-MMSE-IRC receiver 



· Example 2:
Use 3bit DCI to inform UE a modulation set which include all modulation of co-scheduled UEs. We can use some bit value to represent some scenarios where all paired UEs have same modulation order(001,010,011,100 shown in following table) or have two different modulation orders which are very low and much helpful to reduce the blind detection space(101,110 shown in following table). Use one bit value “111” to represent the scenario which is very complicate for modulation detection.  
	Bit value
	Content

	000
	No UE paired 

	001
	{QPSK}

	010
	{16QAM}

	011
	{64QAM}

	100
	{256QAM}

	101
	{QPSK,16QAM}

	110
	{QPSK,64QAM}

	111
	Others



· Example 3:
Use 4bit DCI to indicate UE a modulation set which includes all modulation order of co-scheduled UEs. The set includes all possible combination of modulation orders.
	Bit value
	Content

	0000
	No UE paired

	0001
	{QPSK}

	0010
	{ 16QAM}

	0011
	{ 64QAM}

	0100
	{ 256QAM}

	0101
	{QPSK,16QAM}

	0110
	{QPSK,64QAM}

	0111
	{QPSK,256QAM }

	1000
	{16QAM,64QAM}

	1001
	{16QAM,256QAM}

	1010
	{ 64QAM,256QAM}

	1011
	{ 16QAM,64QAM,256QAM}

	1100
	{ QPSK,64QAM,256QAM}

	1101
	{ QPSK,16QAM,256QAM}

	1110
	{ QPSK,16QAM,64QAM}

	1111
	{ QPSK,16QAM,64QAM,256QAM}



· Example 4:
 Introduce 2 bit to inform serving UE maximum modulation order of co-scheduled UEs
	Bit value
	Maximum modulation order of co-scheduled UEs

	00
	2

	01
	4

	10
	6

	11
	8 or 10



· Recommended WF
· TBA

Issue 1-2-3-3: RS location information of the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· Option 2: Assistant signaling should be introduced
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
· Proposals:
· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE (China Telecom, Nokia, Samsung, MTK, Huawei)
· Option 2: R-ML receiver to handle the reference signals same as regular PDSCH interference (Intel)
· Option 3: Introduce the following signalling (Qualcomm)
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
· Recommended WF
· Considering the majorities’ view, can we agree option 1 and conclude that no explicit information is needed?

Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
· Status in the last meeting WF in R4-2302929
· Option 1: RRC and MAC-CE signaling
· Option 2: DCI
· Proposals:
· Option 1: Only consider RRC or MAC-CE based network assistance signalling (Ericsson)
· ZTE: To consider RRC signalling as priority, if introduce network assistant information
· Option 2: DCI (Samsung, MTK, Huawei)
· HW: RRC indication is necessary to indicate the presence of the new bit field in the DCI format 1_1.
· Option 3: FFS once it is agreed which information is to be signalled (Nokia, Apple)
· Option 4: RAN4 to discuss whether some of the information could be carried by DCI and others carried by higher layer (China Telecom)
· Recommended WF
· It is recommended to discuss separately for each parameter in topic 1-2-2 and topic 1-2-3.

Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
· Status in the last meeting WF in R4-2302929
· Option 1: For the whole bandwidth of serving UE considering the overhead limitation
· Other options are not precluded
· Proposals:
· Option 1: The granularity of the network assistant signalling should be the wideband (Samsung, MTK, Huawei)
· Option 2: FFS until it is agreed which information is to be signalled (Nokia)
· Recommended WF
· TBA 

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Company A
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML

Issue 1-1-2: Reference receiver 

Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying

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

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE

Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH

Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE

Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE

Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE

Issue 1-2-3-2: Content of the network signalling on modulation order (for information)

Issue 1-2-3-3: RS location information of the co-scheduled UE

Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)

Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)


	Samsung
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
Option 1 is more reasonable, and we have similar view as CTC (Necessary signalling can be introduced to ensure the feasibility of option 1)
Issue 1-1-2: Reference receiver 
Based on the simulation result summary R4-2304687, we think using RML as the reference receiver for phase II makes sense.
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
We are open for this issue.
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
No need to introduce specific network assistant information signalling for the presence of co-scheduled UE, this presence of co-scheduled UE can be known from other parameters signaling, such as DMRS port information, modulation order information, and so on.
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length, option 1 is fine, assume same as the target UE.
But for the scrambling ids and initial value nscid, as they have high impact on the orthogonality of DMRS sequences, it may not suitable to assume same values as the target UE simply, and if notify them to the target UE, the overhead is a problem. So we propose to define a configuration rule for them, this rule could be related with the DMRS ports of each co-scheduled UE, therefore, gNB only need to transfer co-scheduled UE’s DMRS ports information to target UE, then target UE could know the scrambling id and nscid of co-scheduled UE based on the defined configuration rule.
If this proposal is not acceptable, we prefer option 4.
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
We think signalling for DMRS port is needed, as blind detection of one co-scheduled UE may be easy, but the number of co-scheduled UE may be more than 1, for example 2, 3 and so on. 
We could design the signalling content, in order to reduce the overhead. 
Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
Default assumption could be assumed 
Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We agree with option 1.
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
We agree with option 1.
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
We agree with option 1.
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
We don’t think we need to study the performance loss with blind detection, as the performance loss value is highly related with the frequency resource overlapping scenario. We prefer to use simple signalling to notify which UE has different frequency resource with the target UE, then UE could decide whether to use advanced receiver or not. 
Sub-topic 1-2-3: Additional information rquired for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Introduce signalling to reduce the search complexity for blind detection, and about “what kind of information is signalled ”, we think modulation order set is a good option, as the overhead is limited, for each co-scheduled UE, only 1 bit is needed. For example, we could define two modulation order set, one is {QPSK, 64QAM}, the other is {16QAM, 256QAM}, bit 0 means the first set, bit 1 means the second set.
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
We think modulation order set is a good option, as the overhead is limited, for each co-scheduled UE, only 1 bit is needed. For example, we could define two modulation order set, one is {QPSK, 64QAM}, the other is {16QAM, 256QAM}, bit 0 means the first set, bit 1 means the second set.
Issue 1-2-3-3: RS location information of the co-scheduled UE
We agree with option 1.
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
We think the signalling should be DCI, as the DMRS ports and modulation order may change per scheduling slot.
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
We think the granularity of the network assistant signalling should be wideband, as the DMRS ports and modulation order of each co-scheduled UE are same in the wideband bandwidth.

	Huawei
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
Firstly, we would like to clarify that target UE only can aware of number of interference layers rather than number of co-scheduled UEs. We support option 2.I.e. UE can treat with all interference layers to get optimal performance. However, how many interference layers target UE can tread with depends on design of signalling. In sum, the only condition that target UE can treat with all layers is that all interference layers have same modulation order. As pointed out in NWA part, we suggested to introduce signalling on this information as first priority.
Issue 1-1-2: Reference receiver 
We support option 1
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
Recommended WF is fine for us. In this meeting, to make a great progress, we hope that RAN4 can reach some agreements on DCI- based signalling information in this meeting at least which information should be signalled by DCI.  
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
We support introduce signalling on whether UE is operating in MU-MIMO.
UE have quite different baseband processing and complexity between SU-MIMO scenario and MU-MIMO scenario. The advantage is that UE can fallback to MMSE-IRC diectly and skip useless steps if indicated opreating in a SU-MIMO scenario.
This information can be indicated with modulation order jointly.
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
We support target UE assume interference UEs to be jointly detected have same sequence (without OCC) as its own. I.e. Regardless what is the scrambling ID and initiallization seedint, the final DMRS sequence is same. For the interference UE which has different sequence, it’s better for target UE to whiten them by IRC since it’s diffcult to signlling them with large overhead.
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
We support leave DMRS port to UE blind detection without network signalling introduced and no performance loss is expected. I.e. Don’t do simulation and study of blind detection. Please check following further comments:
(1) DMRS port information is dynamically changed which means only DCI based signalling is feasible. At least 4 bit is needed if introduced, the bit overhead is unacceptable combined with other bit information such as modulation order.
(2) Complexity of DMRS port detection is acceptable. 
(3) DMRS port blind detection has same interference model and algorithm with CRS-port detection in Rel-17 which has been verified no performance loss can be observed
(4) Even some performance loss is found, what can we do considering signalling is impossible? 
Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
Serving UE can benefit a lot from per PRG interference cancellation such as better channel estimation performance, fewer modulation order detection times and more divesity gain. We hope UE can do that. RAN1 doesn’t specify that UEs in different CDM groups have aligned PRG assumption, we can’t understand why some companies suggested to require UE make a default assumption that all UEs have aligned PRG. It is safer to let UE see explicit indication by signalling.
If BS vendor think aligned PRG is a typical scenario which is almost static, we suggest to use RRC signalling to explicitly informed UE.
Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We would like to re-explain the harm of non-aligned DMRS power boosting. Target UE will apply channel estimation results derived from DMRS to PDSCH, if there is power difference between DMRS and PDSCH and target UE doesn’t know that, target UE will perform ML algorithm with wrong channel matrix for PDSCH which can cause large performance degradation.
Similar comments as in Issue 1-2-2-4, it is too dangerous for UE to assume all UEs have same DMRS power boosting value without any network signalling. If BS vendor think aligned DMRS power boosting is a typical scenario which is almost static, we suggest to use RRC signalling to explicitly informed UE.
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Option 1
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
Based on WI, even interference is target scenario. We prefer to preclude this discussion
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
It seems impossible to inform target UE exact RB allocation of co-scheduled UE due to the large bit overhead caused by flexible scheduling FDM scenario. We prefer to let target UE do blind detection for it. Meanwhile, we think it is meaningless to study the blind detection performance. The reasons are shown as follows:
(1) Frequency domain resource allocation blind detection has the same interference model and algorithm as vShift blind detection in CRS-IM topic which has been verified that no performance loss is observed
(2) Even some performance loss is found, what can we do considering signalling is impossible? 
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
We support option 1A, we think modulation order detection is inevitable because indicating mapping between modulation order and co scheduled UEs needs much bit overhead. The practical solution is indicating some key information to reduce the complexity of blind detection.
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
For Intel’s proposal, our concern is that bit overhead is too large.
We provided 4 examples and advantages of each example. As we analysed in previous issue, the only condition that UE can perform R-ML algorithm for all interference layers is that in each PRB, all interference layers have same modulation order.
Hence we prefer example1 since it needs smallest bit overhead and seems easy for network to implement.
One beneficial scenario that example 1 applies is shown as follows, across different PRBs, interference UEs have different modulation order but in each PRB, UEs have same modulation order so target UEs can do R-ML for all layers in each PRB.
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In sum, we propose the following:
(1) UE needs to know in each PRB, whether all co scheduled UEs have same modulation order by DCI based signalling.
(2) UE needs to know whether operating in MU-MIMO model by DCI based signalling.
(3) (1) and (2) can be signalling jointly.

Issue 1-2-3-3: RS location information of the co-scheduled UE
We understand that reference signals non-overlapping between serving UE and co-scheduled UEs can degrade the R-ML performance. But we have following concern:
(1) PT-RS is less likely to be configured in FR1 which has been considered as baseline operating frequency range in this WI
(2) Cell-specific CSI-RS is widely used in real deployment which means all paired UEs have overlapping CSI-RS
 We support option 1
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
As pointed out in previous issues. We prefer the following:
Modulation order, interference model should be indicated by DCI format 1_1 and RRC further indicate the presence of the new DCI bits
PRG information, DMRS power boosting should be indicated by RRC
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
Scheduling information for MU-MIMO scenario can be changed dynamically which means only DCI based indicating is feasible. RRC and MAC-CE signalling are only suitable for static or semi-static information.  As for the granularity, since UE can’t know frequency domain resource of itself before decoding DCI format 1_1, therefore the bit length should be based on maximum number of RB. I.e. N*ceil (275/G), G is granularity and N is number of bit per granularity. That is unacceptable number for DCI transmission. Therefore we suggest to design the signalling targeting for the whole actual frequency resource scheduled for target UE.
Meanwhile, RRC indication is necessary to indicate whether the new added bits field in DCI format 1_1 is existing so UE can decode DCI with correct information bit length. 

	Apple
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
We support option 3. It is tightly related to how the NWA discussion goes. If UE is expected to do blind detection for AP and has no idea of number of co-scheduled users, then the receiver assumption is R-ML on target+1co-schduled UE.  If there is any NWA agreed on signaling the number of co-scheduled UEs and the modulation order information, then we could go with up to 2 interference layers. Since signaling of modulation order information of coUEs is still open, we need to limit to 1 co-scheduled UE. 
Issue 1-1-2: Reference receiver 
We need to honor the WID and agreements made in last meeting to evaluate both in phase 1. Candidate receiver for phase 2 can be decided at end of phase 1. 
For the reference receiver agreed in RAN4#106, we agree with QC’s observation/ analysis, and also observe that in our simulation results. 
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
Discussed in GTW
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
The presence of co-scheduled UE is needed for any blind detection on co-UEs antenna ports, etc. Without this information it is unnecessary for the UE to do any blind detection. If certain parameters are agreed to be signaled, then we don’t need this explicit signaling, but otherwise, we would need to discuss this. 
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length
Based on GTW session agreement, option 1 is agreed.
From 38.214:
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For the scrambling ID information:
Assume same as target UE and introduce RRC signaling to indicate if default assumption is not valid. Then UE is not expected to use advanced receiver for MU-MIMO. 
For the  information:
Assume same as target UE. Do not consider UE blind detection of nSCID. In signaling is to be introduced, it should be DCI based signaling in our understanding since nSCID  is signaled via DCI. Consider signaling of nSCID along with/ similar to target UE for co-scheduled UE.  

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
We prefer that this information is signaled to the UE along with modulation order and further discuss how it can be jointly encoded. But we understand the signaling burden and can further evaluate blind detection performance.
For UE blind detection, we propose to consider the following:
· Num of co-scheduled UEs: 1. This has implication on UE complexity. If only 1 co-UE, UE needs to detect either on same or different CDM grp as its DMRS ports only, need not detect on both. 
· Detection granularity – up to UE implementation – per PRB, PRG, PDSCH allocation
· Co-scheduled UE frequency allocation – consider (1) same as target UE (2) different from target UE
Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
For co-UEs in same CDM grp, the precoding granularity is same as target UE.
For co-UEs in different CDM grp, precoding granularity should be indicated if different from target UE.
RRC signaling along with DCI is used for target UE, should the same be considered for co-UE, or only RRC is based on infra-vendors inputs on typical assumption in network.
Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
UE needs to know this for R-ML. Hence there is a need to signal the number of CDM grps without data for co-UE if different from target. It might not be needed for the simulation assumptions assumed in RAN4 for Phase1 evaluation or defining the requirements, but if we expect UEs on field to employ advanced receiver for MU-MIMO, then this information is necessary. 

Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Okay with option 1
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
Can we assume that co-UE is also scheduled full slot as target UE (assumption from WID)? Then we are fine with Option 1. 
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
The FDRA information of co-scheduled UE is necessary. We can have default assumption that same FDRA for co-UE and target UE. If the default assumption is not valid, perhaps a 1 bit DCI field to indicate that the allocation is smaller would be very beneficial. Then UE could choose to do blind detection or choose to disable advanced receiver. 
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
We support option 2. We can further discuss how to reduce the signalling overhead. Signalling the MCS table only helps with reducing the number of hypothesis, but UE detection is still needed. 
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
This can be further discussed. A 2-bit or 3-bit signalling should be sufficient for informing the modulation order of 1 co-UE.
Issue 1-2-3-3: RS location information of the co-scheduled UE
We would like confirmation from network vendors if option 1 is a reasonable and typical assumption. 
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
As pointed out in previous issues. We prefer the following:
We see that some parameters need DCI signalling and some need RRC signalling.
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
Option 1 is a reasonable assumption. 

	Huawei2
	Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
We think this issue has strong relationship with issue on presence of paired UE because if a co-scheduled UE has different DMRS sequence with target UE, it is equivalent to nothing. As we proposed to indicate the presence of paired UE jointly with modulation order by DCI, we propose the following:
	Bit value
	Content
	UE behaviour 

	00
	No co-scheduled UE paired which has same DMRS sequence with target UE
	UE fallback to MMSE-IRC receiver directly

	01
	In any PRB, all co-scheduled UE have same modulation order  which is smaller than or equal to serving UE
	UE blindly detect modulation order of all interference layers with less than 4 possibilities

	10
	In any PRB, all co-scheduled UE have same modulation order. But at least in one PRB, interference UE’s modulation order is larger than serving UE
	UE blindly detect modulation order of all interference layers with 4 possibilities

	11
	At least in one PRB, co-scheduled UEs have different modulation order 
	UE fallback to E-MMSE-IRC receiver 



We add the wording with yellow in bit field 00 to clarify that advanced receiver only apply to co-scheduled UE with same DMRS sequence as target UE. If all co-scheduled  UEs have different sequence, target UE has no different behaviour with SU-MIMO
Since it is easily to be covered in DCI, we think RRC signalling is unnecessary.

	QC
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
This issue depends on the number of hypotheses for modulation order detection based on the common assumptions and network assistant signaling discussed in the other issues.
Issue 1-1-2: Reference receiver 
Based on our mathematical analysis and simulation results, we support option 1.

Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying

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

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
One clarification here: the useful information is ”none of co-scheduled UEs are with the same DMRS sequence as the target UE”, and then UE can fallback to SU algorithm. Our understanding was that it’s either all co-scheduled UEs are with the same DMRS sequence, or none of them are with the same DMRS sequence, then when the assumption is not true, UE falls-back to SU algorithm. We can adjust our proposal if the understanding doesn’t align to network/operator’s understanding. 
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
Proponents of this signaling mentioned that the number of bits can be reduced, and can be combined with other information (e.g., modulation orders). However, we don’t see a possibility of signaling this information within a few bits. Take the studied scenario as an example, 52 RBs/26 PRG, 4 ports (2 serving + 2 potential MU) in total. Even if we consider PRG-aligned case, we need at least 2*26 = 52 bits to indicate the existence of co-scheduled UE on each DMRS port on each PRG. Therefore, the overhead makes this signaling infeasible, additional DCI bits can’t accommodate this, even new format of DCI, which we oppose, can’t represent the information.
Therefore, we don’t see the need to study the performance, given that the signaling is not feasible. 

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
We support option 3A, and suggest to clarify the “default assumption” recommended WF as 
Assume PRG allocation is aligned across the co-scheduled UEs in different CDM groups
Then we can consider RRC signaling with 1 bit to confirm the validity of the assumption. Note that knowing PRG size of other UE is not useful because we don’t know which UE occupies which RBs.

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We can support recommended WF if 1 bit RRC signaling for validity of the assumption is introduced.
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Support recommended WF
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
We can support recommended WF if 1 bit RRC signaling for validity of the assumption is introduced.

Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
The length of the bits indicating this information is scaled with BW, and therefore the overhead is infeasible. We also see blind detection feasible, similar to existence of co-scheduled UE on DMRS ports. 
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
We consider RRC based signaling of all (potential) co-scheduled UE’s MCS table (we can take the maximum if they are not the same) is helpful given that 1024QAM UE might be rare in current deployment in many scenarios. Without 1024QAM, we reduce the possible modulation order per layer to 4 from 5. 
If RRC is agreed, DCI based signaling to further reduce number of hypotheses for multiple layer case is useful, given the two assumptions:
· Alignment of interfering layer modulation order is a common scenario. If it is not common, the signaling seems less useful, UE either has to fallback in many cases or figure out a suboptimal way to blindly detect the modulation orders
· Not too many different cases of modulation order hypotheses space, which increases the UE implementation complexity (different from blind detection algorithm complexity)
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
Note that proposal 1 from Intel has at least total number of bits = 2* number of PRG of the BWP/channel BW, which is infeasible overhead.
Issue 1-2-3-3: RS location information of the co-scheduled UE
Is option 1 a common scenario?
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
We suggest to consider the following RRC signaling first:
· One bit for each individual or group of common assumption to confirm whether they are valid
· All (potential) co-scheduled UE’s MCS table (we can take the maximum if they are not the same)
MAC-CE and DCI can be considered if we want to signal more dynamic information. However, the number of DCI bits should be limited, 2 is ideal, not exceeding 4
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
Need conclusion from the previous issues.


	ZTE
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
In our understanding, target UE can perform R-ML for all serving layer and interference layer. And for the number of co-schedule UEs, we don’t think this is a necessary information for target UE. Moreover, how to obtain the number of interference layers for target UE, blind detection or assistant signalling, that’s important .
Issue 1-1-2: Reference receiver 

Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying

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
For presence of co-schedule UE, we think there is no need to ointroduce explicit network assistant information signalling. Target UE can use DMRS ports information or number of DMRS CDM group without data,eta to determine whether co-schedule UE is exist.
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
–For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length
We support option 1.
–For the scrambling ID information:
For RRC signalling, we have a concern. We all know that MU-MIMO is based on slot transmission which is dynamically. RRC signalling has a large delay. So even  RRC signalling can UE that defult assumption is not valid and UE will not perform R-ML. When UE receiver this signalling, maybe the mu-mimo transmission is over. So we think introduce RRC signalling is not a good choice.

-For the  information:
Firstly, we have a question that if the default assumption is not valid. It means target UE and co-schedule UE have different DMRS sequence. So in this case, whether target UE will perform R-ML.That’s our concern.
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
In our understanding, UE needs to know the pre-coding granularity of co-scheduled UEs if different from target UE. And we prefer default assumption could be valid that precoding granularity of co-scheduled UE is same with target UE.
Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We are agree with option 1. All UEs will have same DMRS configurations for MU-MIMO.
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
We are agree with option 1. 
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
We are agree with option 1. 
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
For frequency domain resource, UE needs to know this so that it can perform interference cancellation in each RE that is interfered with by co-schedule UEs. Actually, the bandwidth resource of each UE scheduled by base station may be different. Therefore, some resource elements (REs) of the target UE will suffer interference from the co-schedule UE. So how to acquire frequency domain resource allocation. We prefer blind detection. If we introduce RRC signaling or DCI, we think this will need more large overhead.
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
We prefer introduce signalling to reduce the search complexity for blind detection. And consider the overhead, We are agree with option 1A.
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
If we introduce network signaling on modulation order, in our understanding ,we need to consider
the overhead for signalling. So in order to reduce the overhead, we prefer consider the subset of modulation order. 
Issue 1-2-3-3: RS location information of the co-scheduled UE
We are agree with option 1.
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
Regarding to the signalling ,we prefer DCI. MU-MIMO transmission is based on slot scheduling. This is dynamically scheduling. 
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
We are agree with option 1.

	Samsung
	After the GTW session on Monday evening, we’d like to update our comments on several open issues
Sub-topic 1-2 Discussion on the required information
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
For the scrambling ids and initial value nscid, if we could design a configuration rule for them, which could introduced into ran1 spec, the scrambling ids and nscid of co-scheduled UEs could be decode perfectly from the target UE without specific signalling for DMRS sequence. For example, this rule could be related with the DMRS ports of each co-scheduled UE, then gNB only need to transfer co-scheduled UE’s DMRS ports information to target UE, then target UE could know the scrambling id and nscid of co-scheduled UE based on the defined configuration rule.
However, if this solution is not acceptable, for scrambling ids information, we could compromise to the tentative agreement (Option 1: Assume same as that of the target UE agreed as RAN4 default assumption), and prefer to introduce RRC signaling to inform UE if RAN4 default assumption not valid.
And for nscid, if our solution is not acceptable, we prefer to propose: Assume same as that of the target UE agreed as RAN4 default assumption, DCI signalling should introduced if it is different from that of the target UE.
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
We still prefer signalling for DMRS port needed, as the number of co-scheduled UEs may be more than 1 actually. Maybe we could consider only introduce the DMRS ports related information signalling of the co-scheduled UEs, which have the same frequency domain resources with the target UE. In this case, total 2*N bits DCI information is enough, in which N is the number of the co-scheduled UEs, which have the same frequency domain resources with the target UE. 
Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
As ran1 has defined the PRG=2 or 4 as below Default assumption could be assumed 
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Two options are available:
1) Default assumption assume all co-scheduled UEs are using the minimum PRG level
2) Default assumption assume all co-scheduled UEs are using the same PRG level as the target UE, if different with the target UE, need to notify 

Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
We could use advanced receiver for co-scheduled UEs that have the same frequency domain resources with the target UE. Whether we should introduce simple signalling to notify which UE has different frequency resource with the target UE or not, may has relationship with if new signalling are introduce for DMRS port or modulation order information. Otherwise, we prefer to use simple signalling to notify which UE has different frequency resource with the target UE, then UE could decide whether to use advanced receiver or not. 
Sub-topic 1-2-3: Additional information rquired for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Introduce signalling to reduce the search complexity for blind detection, and about “what kind of information is signalled ”, we think modulation order set is a good option, as the overhead is limited, for each co-scheduled UE, only 1 bit is needed. For example, we could define two modulation order set, one is {QPSK, 64QAM}, the other is {16QAM, 256QAM}, bit 0 means the first set, bit 1 means the second set. 
The signalling should be wideband granularity DCI signalling, only N bits, in which N is the number of the co-scheduled UEs.

	MediaTek
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
We think it would be good starting point to assume UE can perform R-ML for serving and all co-scheduled UE layers. However, as will be discussed later in Issue 1-2-3-1 the modulation order of co-scheduled UE needs to be known by UE by assistant information. For simplicity, it would be better in a case of multiple co-scheduled UEs, the same modulation order would be used to limit signalling overhead, otherwise UE may need to fallback to E-MMSE-IRC receiver assumption. Note, obviously total number of detected layers cannot exceed number of receiver antennas.
With these assumptions we support Option 1.
Issue 1-1-2: Reference receiver 
Based on the simulation result summary R4-2304687, it can be observed that gains of E-MMSE-IRC are limited compared to R-ML solution. This makes R-ML receiver assumption more attractive option for Phase II. However, as R-ML receiver requires more information of co-scheduled UEs we would like to keep reference receiver selection open until NWA has been agreed.
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
We agree that NWA discussion needs to be agreed in RAN4 May meeting to match RAN1 Rel-18 schedule. NWA discussion should be priority issue in April and May meetings. Therefore, we support Option 1.
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
Related to Issue 1-2-2-3 of co-scheduled UE DMRS port allocation and Issue 1-2-2-8 of co-scheduled UE frequency domain allocation, we believe the blind detection of those properties is possible with reasonable accuracy of ports and PRBs with notable signal power, also indicating the presence of co-scheduled UEs. However, the big problem of using only blind detection are scenarios when any co-scheduled UEs are not present, and all blind detection would cause unnecessary UE processing and power consumption. Therefore, some indication of the presence of co-scheduled UEs needs to be signalled to UE that can be implicit or explicit depending on other assistant information.
In our view we could already make agreement to have the presence of co-scheduled UE signalled to UE preferably implicitly or at minimum explicitly.
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length
Based on GTW session agreement, option 1 is agreed.
For the scrambling ID information
We support Option 1 to assume the same as that of the target UE. We assume UE to use advanced receiver only to co-scheduled UEs with the same scrambling ID. NW should signal presence of co-scheduled UEs only when they use the same scrambling ID.
For the nSCID information
We support Option 2 to have predefined assumption that is always valid. If this assumption is not valid then NW should not configure advanced receivers.
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
UE needs know the DMRS port information for the co-scheduled UEs to perform channel estimation and interference cancellation for used DMRS ports. We believe the blind detection of this information is possible with reasonable accuracy of ports with notable signal power. However, as discussed in Issue 1-2-1-1 it is important to inform UE the presence of co-scheduled UE to avoid unnecessary UE processing and power consumption.
As we mentioned in GTW, we would prefer using limited signalling overhead to modulation order signalling and use only blind detection to determine the DMRS port information for the co-scheduled UE. Also, we agree with other companies’ comments that required signalling overhead of the DMRS port information would be infeasible.
Therefore, we support Option 1 for blind detection.
Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
For optimal channel estimation performance, it would be beneficial for UE to know precoding granularity of the co-scheduled UE. Also, we are bit suspicious if pre-coding granularity can be reliably blindly detected. Therefore, we suggest UE can assume the precoding granularity to be the same as own granularity. Alternatively, UE may need to fallback to assume the smallest granularity with some performance penalty.
Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We support Option 1.
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
We support the recommended WF.
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
We support Option 1.
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
UE needs know the frequency domain resource allocation of the co-scheduled UEs to perform channel estimation and interference cancellation for used resource in frequency domain. We believe the blind detection of this information is possible with reasonable accuracy of resources in frequency domain with notable signal power. However, as discussed in Issue 1-2-1-1 it is important to inform UE the presence of co-scheduled UE to avoid unnecessary UE processing and power consumption.
As we mentioned in GTW, we would prefer using limited signalling overhead to modulation order signalling and use only blind detection to determine the frequency domain resource allocation information of the co-scheduled UE. Also, we agree with other companies’ comments that required signalling overhead for frequency domain resource allocation would be infeasible.
Therefore, we support Option 1 for blind detection.
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Our preference is to signal single modulation order and all co-scheduled UEs use that modulation order. One option in signalling could be "Mixed" that would mean there are multiple modulation orders and UE can choose to either to blind detection of modulation order for R-ML or fallback to MMSE-IRC/E-MMSE-IRC.
Furthermore, we suggest that when modulation order other than “None” is signalled this would also implicitly signal following assumptions are valid for advanced receiver
· The presence of co-scheduled UE is guaranteed with target UE
· This would trigger blind detection of DMRS port and frequency domain resource allocation information
· DMRS scrambling ID of co-scheduled UE is the same as target UE
· nSCID of co-scheduled UE is the same as target UE or can be deduced 
· Precoding granularity of co-scheduled UE is the same as target UE
· Time domain resource allocation of co-scheduled UE is the same as target UE
If signalling would contain fields that define multiple modulation orders and would require blind detection, then we suggest that it is up to UE implementation to either do blind detection for R-ML or fallback to MMSE-IRC/E-MMSE-IRC.
This means that requirement would use single modulation order for co-scheduled UE(s) if R-ML assumption is used. Otherwise, we suggest defining requirements based on E-MMSE-IRC assumption in such case.
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
Here is our example signalling with 3-bit information. When “None” is signalled UE can fallback to SU-MIMO operation and do not need to consider DMRS port and frequency domain resource allocation blind detection. When “Mixed” is signalled UE knows that there are multiple modulation orders with several co-scheduled UEs. In this case we propose UE has freedom to either fallback to MMSE-IRC or E-MMSE-IRC receiver, or alternatively perform modulation order blind detection for R-ML receiver. Other options indicate single modulation order of any number of co-scheduled UEs.
	Bitfield
	coUE modulation order
	UE behavior

	000
	None
	SU-MIMO

	001
	Mixed
	MMSE-IRC/E-MMSE-IRC or
blind detection of modulation order for R-ML
(UE implementation dependent)

	010
	QPSK
	R-ML

	011
	16-QAM
	R-ML

	100
	64-QAM
	R-ML

	101
	256-QAM
	R-ML

	110
	1024-QAM
	R-ML

	111
	reserved
	R-ML



Issue 1-2-3-3: RS location information of the co-scheduled UE
We support Option 1.
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
We think that modulation order signalling requires using DCI and other should be fine with RRC.
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
We think Option 1 should be valid assumption.

	Ericsson
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
We think option 1~4 are somehow equivalent. The difference is on how many co-scheduled UE will be considered. We think for R-ML receiver, the target UE can first assume same modulation order for all paired UEs. If not, the network can send related indication, to either tell target UE: ‘modulation order is different’ and UE can start blind detection or just fall back to IRC receiver, or tell target UE the exact modulation order for each interference layer and UE can apply R-ML receiver for all layers. 
So, as long as the target UE are going to perform R-ML, it is believed to perform it for all the used DMRS ports, no matter there is NWA signaling or not. Because it is not useful that the network only tells the modulation order of some layers of some co-scheduled UEs. Thus, we support option 1. We also support option 4 to only consider 1 co-scheduled UE and maximum 2 interference layers in this WI to somehow reduce the risk for those UEs who want to do the blind detection for the modulation order or in case there is no NWA signaling for modulation order introduced. 
Issue 1-1-2: Reference receiver 
It can be further decided based on the summary of different companies results and the consideration of overhead of potential NWA signaling for R-ML receiver. Considering the computational complexity and possible network assistance information signaling, we still believe E-MMSE-IRC is also beneficial from both UE and NW point of view.  
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
OK with the GTW agreement. 
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
We think it is the most important information for MU-MIMO transmission. Also some gNB may not support MU-MIMO transmission functionality, in this case UE can use the legacy MMSE-IRC receiver algorithm and save the power consumption. We can use 1 bit RRC signaling to indicate whether this DMRS port is used for the co-scheduled UE. For example:
	DMRS Port
	Presence

	1000
	0

	1001
	1

	1002
	1



With this information, the UE can save the power for blind detection on the existence of the co-scheduled UEs. Also, it brings the DMRS information as well. 
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
We are fine with the GTW outcome. 
We think RRC based signaling can be useful to at least tell the target UE the current assumption is not valid anymore, so that the UE can decide by themselves whether it will start blind detection or just fall back to the IRC receiver. 
Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
OK with the GTW agreements. 
Like we mentioned in issue 1-2-2-1, the DMRS port information can be indicated by the 1 bit RRC based signaling along with the presence information. 
Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
We support option 2B.
Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We support option 1. 
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Support the recommended WF. 
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
We support option 1. 
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
We prefer to have the assumption that the co-scheduled UE has the same PDSCH resource allocation as that of the target UE. We are also open for the study of blind detection if needed. It is hard for the Network to inform the exact resource allocation information for each connecting UE slot by slot. The RRC based information of whether they are using the same frequency resources can be considered. 
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
For the necessary of the NWA signaling, we are fine to consider it to be one of the optional information in the potential RRC-based signaling. 
As for how it is signalled, we support option 2, to use RRC based signaling to inform UE the MCS index table for example a bitmap of modulation order list. If this information is not present, the target UE may assume the Network uses the same modulation configuration as the target UE. 
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)

Issue 1-2-3-3: RS location information of the co-scheduled UE
Support option 1. 
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
We support option 1 and option 3. 
RRC-based signaling (if introduced) can be at least used for:
1. The presence of co-scheduled UE 
2. Indicate the DMRS port numbers possibly used for co-scheduled UE, and their DMRS configuration. 
3. Indicate the common assumption is not valid
4. Bitmap of the modulation order list
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
We support option 2. 

	China Telecom
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
It depends on the detailed information needed to be decided as below.
Issue 1-1-2: Reference receiver 
We observe E-IRC also achieves performance gain over IRC for many cases. Considering we need to further align our simulation results, we suggest we can have more time to make the final decision.
We notice that if we are going to send an LS containing our NWA study conclusion to RAN1 earlier, we also need to make decision on this issue. Thus we suggest to make decision together with the NWA study conclusion.
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying

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
We support the recommended WF. We can come back to this issue after we are clear that what other information will be signaled.
Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
According to TS38.214 as cited by Apple and Huawei, we agree that restriction already exist in RAN1 specification that the above configurations should be same as the target UE, thus no additional assumption is needed by RAN4.
For the scrambling ID information:
We support the tentative agreement as the most practical configuration. We are fine to include this agreement as a UE default assumption and an RRC bit can be considered.
For the scrambling ID information:
We support the tentative agreement as the most practical configuration. We are fine to include this agreement as a UE default assumption and an RRC bit can be considered.
For the  information
We are fine with having a default assumption since we did not observe much NW vendors’ concern on this issue.

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
To Apple: In general, we are fine to have some necessary assumption to try to balance the signalling overhead and UE complexity. However, for this DMRS port information, we do not think the complexity is high and we do not think the restriction to the co-scheduled UE number could help. Is there any spec restriction that UE can only be allocated 1 CDM group for MU-MIMO transmission? In addition, even if the co-scheduled DMRS ports only exist in 1 CDM group, how could the target UE know whether it is on the same or different group.
For the detection granularity, by per PRG detection, we have concern on the possible mis-detection in the case that not all PRBs are allocated within one PRG, e.g., PRB bundling size = 2 with 5 PRBs allocated.
For the detailed BD evaluation assumption, it is proposed to select some agreed cases in the last meeting and check the feasibility, e.g., case 2 (rank 1+1 2T2R QPSK interference TDLC300-100 random precoding) and case 9 (rank 2+2 4T4R 64QAM interference TDLA30-10 orthogonal precoding) in the result summary tdoc R4-2304687.

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
As per 5.1.6.2 in TS38.214, for the co-scheduled UE within the same CDM group with the target UE, its precoding granularity should be aligned:
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.
For the co-scheduled UE within the different CDM group with the target UE, we are also fine to assume the same precoding granularity as the target UE.

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We agree with option 1 because we think the same ‘number of CDM group without data’ should be configured for all UEs for MU-MIMO transmission. If the chipset vendors have concern, we are fine to also include this as a part of 1-bit RRC default assumption indication.
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
We agree with option 1.
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
We support the recommended WF.
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
We see the possibility and need for the BS to allocate different PRBs for different UEs in MU-MIMO. Therefore, the non-aligned PRB allocation scenario should be considered and it limit the BS implementation too much if we simply assume the same PRBs for different UEs.
For UE performing channel estimation purpose, according to the agreement in Issue 1-2-2-3, the target UE is able to know which DMRS port(s) is used by co-scheduled UE(s) on each PRB. Thus, we think it is sufficient for the UE to obtain this FDRA information. 
We support to evaluate the FDRA BD performance of R-ML and E-IRC under the following scenario:
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~19 allocation
· Co-scheduled UE2 with PRB40~51 allocation

Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
We are ok with option 1A to introduce signalling to reduce the search complexity for blind detection. 
After performing DMRS port and FDRA detection, the target UE knows which DMRS port(s) is used by co-scheduled UE(s) on each PRB. However, there is still huge candidate combinations of modulation order, DMRS ports and allocated PRBs for each co-scheduled UE. From the deployment P.O.V, it is also not our preference to have too much limitation to the BS scheduling. Thus, we think some assumptions on the R-ML receiver implementation could be considered.
In our understanding, it depends on how modulation order BD and how the R-ML is performed, if it can be done with per PRB or per PRG granularity, we can ‘assume the R-ML only to deal with co-scheduled layer(s) of the same modulation order’. In this way, the NW only needs to indicate the modulation order(s) for the co-scheduled layers that is desired to be handled by R-ML. Under this assumption, we can further discuss whether the UE could perform legacy IRC only for the rest of the co-scheduled layer(s) if exists.
However, if a larger modulation order granularity is needed, we propose to additionally assume ‘the same modulation order is allocated for the co-scheduled layer(s) using the same DMRS port on different PRBs’.

Issue 1-2-3-2: Content of the network signalling on modulation order (for information)

Issue 1-2-3-3: RS location information of the co-scheduled UE
We support the recommended WF. And we think the UE need not to fall back to the legacy receiver even if this assumption is not valid. So we do not think this assumption needs an RRC signalling.
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
Should be discussed for each information separately.
Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
FFS

	Intel
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
Consider a modified Option 2 for R-ML receiver in terms of total layer (serving + interfering) and modulation of order as the same capability for SU-MIMO detection (Total 2 / 4 layers for 2Rx / 4Rx UE) with network assisted signalling on modulation order of interfering layers. 

Issue 1-1-2: Reference receiver 
Down-select R-ML as a candidate reference receiver to define advanced MU-MIMO performance requirements.
In our simulation results, R-ML receiver shows better performance than E-IRC especially with QPSK interferer. Under orthogonal precoder selection, the gain is 2.5 ~ 5.9 dB while E-IRC shows almost no gain at 70% TP SNR. R-ML receiver with 64QAM interferer shows 0.3 ~ 1.3 dB gain in orthogonal precoder selection.  Considering the marginal gain with 64QAM interferer and complexity/performance trade-off of blind detection, it is desirable to signal modulation order if it is manageable in terms of overhead.   
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
We respect GTW agreement on NWA topic prioritization without hard deadline.
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
We prefer efficient network assistance signalling scheme jointly considering presence of co-channel port(s) and modulation order of the port(s). The information on presence can be encoded jointly with modulation order information. 

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
The conclusion of low PAPR DMRS study in Rel-16 is as below and we can see that it is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users.
1) For Rel-15 UE, it is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users i.e FDM-wise DMRS multiplexed users.
2) The concept 1) is extended in Rel-16 to reduce PAPR when single user is assigned multiple CDM groups (higher rank case). In this case, two different scramblingID0 and scramblingID1 are applied to even and odd CDM groups when nSCID = 0 (odd and even CDM groups when nSCID = 1).
Thus, RAN4 can assume the same scramblingID0 and scramblingID1 in DMRS-Config.
For nscid, RAN4 can assume PAPR favourable setting of co-channel UEs. In addition, RAN4 may consider 1 bit indicator of PAPR favourable setting or not. For PAPR favourable setting, same { scramblingID0 and scramblingID1} for co-channel UEs and nscid  setting would be such that 1) Same scramblingID to keep CDM optionality within ports in the same CDM group and different scramblingID to adjacent CDM groups.     

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
Once we decide signalling of the modulation order of interfering layer, the port information is easily encoded by the cyclic indexing with respect to target UE’s port without adding additional signalling overhead. We prefer network assistance signalling scheme jointly considering presence of co-channel port(s) and modulation order of the port(s).
 1) Usually, DCI payload size spans 50 ~ 70 bits depending on the features enabled. Adding 6 bits (or 12 bits for our non-aligned scenario for presence/port location/modulation order) wouldn’t be big burden. Saving 2 bit with partial blind detection on modulation order does not seem to be efficient trade-off between signalling overhead vs UE complexity of blind detection on modulation order/port(s), Assume 60 bit payload as SU-MIMO baseline, 6 bit vs 4 bit gives 10*log10(66/64) = 0.13 dB difference in PDCCH.
 2) Port presence information can be a start point for UE to kick-off interference channel estimation of advanced receiver. Thus, it is desirable to introduce NW signalling which include presence of interferer in each port.

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
To minimize the blind detection efforts and same time avoid extra network assistance, we recommend considering scheduling restrictions and allow UE to assume the same precoding granularity for desired and interfering UE. Also, UE can just assume own channel coherence bandwidth for the parameter estimation of own signals as well as interfering signals

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
We would like to point out that the ratio of PDSCH EPRE to DM-RS EPRE is fixed in the specification TS 38.214. Under this power ration, gNB still can have degree of freedom to adjust Tx power between users when paired user’s DMRS are FDM, and it is transparent to UE demodulation. Thus, we can assume Option 1. For number of CDM groups, it can be signalled by port information field in DCI_field. 
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
We would like to point out that the ratio of PDSCH EPRE to DM-RS EPRE is fixed in the specification TS 38.214. Under this power ration, gNB still can have degree of freedom to adjust Tx power between users when paired user’s DMRS are FDM, and it is transparent to UE demodulation. 
Thus, we can assume Option 1.
Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
Assume same as target UE for performance requirement.
Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
For trade-off between scheduling flexibility and overhead of NW assistance, we propose to consider two scenarios below 
Scenario 1) Same FDRA between co-scheduled UEs (possibly with full NW signalling of port presence/modulation order/port number for R-ML)
Scenario 2) Different FDRA with at most two overlapped allocations in each layer
    . Possibly with full NW signalling of port presence/modulation order/port number (for R-ML)
    . The RB index of each allocation boundary may be acquired with blind detection  

For our scenario 2, we may consider scenario as below.
	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 
	


    
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Once we decide signalling of the modulation order of interfering layer, the port information is easily encoded by the cyclic indexing with respect to target UE’s port without adding additional signalling overhead. We prefer network assistance signalling scheme jointly considering presence of co-channel port(s) and modulation order of the port(s).
 1) Usually, DCI payload size spans 50 ~ 70 bits depending on the features enabled. Adding 6 bits (or 12 bits for our non-aligned scenario for presence/port location/modulation order) wouldn’t be big burden. Saving 2 bit with partial blind detection on modulation order does not seem to be efficient trade-off between signalling overhead vs UE complexity of blind detection on modulation order/port(s), Assume 60 bit payload as SU-MIMO baseline, 6 bit vs 4 bit gives 10*log10(66/64) = 0.13 dB difference in PDCCH.
 2) Port presence information can be a start point for UE to kick-off interference channel estimation of advanced receiver. Thus, it is desirable to introduce NW signalling which include presence of interferer in each port. Thus, we support full NW signalling of port presence/modulation order/port number for R-ML
Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
We support full NW signalling of port presence/modulation order/port number for R-ML
Assume 60 bit payload as SU-MIMO baseline, 6 bit vs 4 bit gives 10*log10(66/64) = 0.13 dB difference in PDCCH.
Issue 1-2-3-3: RS location information of the co-scheduled UE
Typically, the portion of CSI-RS/PT-RS signals is relatively low comparing to the PDSCH signal.  Also, we assume that network assisted signalling or blind detection mechanism can be rather complex. Therefore, we think that co-scheduled UE CSI-RS/PT-RS signals might be treated as the other UE’s PDSCH signals.
Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
The high-level list of required information for candidate receivers was identified so far and the following generic approaches to convey information can be considered:  
· Option 1) Semi-static network assistance (e.g., RRC/MAC-CE signalling) and fixed rule in specification (i.e., scheduling restrictions at the network side or operation rule without signalling).
· Option 2) Dynamic network assistance (e.g., via DCI)
· Option 3) Parameter estimation/detection at the UE side
Our views on the receiver assumption in the WF [1] are summarized below for the case of aligned PDSCH allocations between co-scheduled UEs.
	Information on co-scheduled UEs
	Reference receiver
	Our views 

	(1) Presence of MU-MIMO transmission 
	E-MMSE-IRC and R-ML
	Option 2 (dynamic assistance)

	(2) DMRS sequence information (nscid = 0 or 1)
	E-MMSE-IRC and R-ML
	Option 1

	(3) DMRS port
	E-MMSE-IRC and R-ML
	Option 2 (dynamic assistance)

	(4) Precoding granularity
	E-MMSE-IRC and R-ML
	Option 1. 
Assume same precoding granularity as for target UE

	(5) Tx DMRS power between paired UEs (DMRS boosting)
	E-MMSE-IRC and R-ML
	No need to know. Same power can be assumed at least for evaluation purposes.

	(6) Tx. power ratio between desired PDSCH and co-channel PDSCH
	E-MMSE-IRC and R-ML
	Not need to know.

	(7) TDRA
	E-MMSE-IRC and R-ML
	Option 1. Assume same as target UE.

	(8) FDRA
	E-MMSE-IRC and R-ML
	Option 1. Assume same as target UE for aligned case. 
FFS on non-aligned case (Option 2 or 3)

	(9) Modulation order
	R-ML
	Option 2 (dynamic assistance)

	(10) CSI-RS/PT-RS
	R-ML
	No need to know. Can be handled as regular interference. 



Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
· Generally, we may limit at most wide-band granularity from overhead perspective. Actual meaning of wide-band may differ case by case. 


	Huawei3
	I  figure out a solution to cover UE both capable of modulation order detection and not capable of modulation order detection. I.e. Merge our example 1 to MTK’s example. See follows:
	Bitfield
	coUE modulation order
	UE behavior

	000
	None
	SU-MIMO

	001
	PRB aligned 
	R-ML, UE perform modulation order detection with only 4 hypotheses 

	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 
	UE fallback to MMSE-IRC or R-ML with blind detection (UE dependent)



Note that PRB aligned means in any PRB, all interference layers have same modulation order, in different PRB, co-scheduled UEs may have different modulation order. Bandwidth aligned means in bandwidth of serving UE, all interference UEs have same modulation order
In the table, we utilize the reserved bit to indicate whether modulation order is PRB aligned, so some UE can do  R-ML blind detection with low complexity (4 hypotheses). We modify the “mix” to indicate modulation order is PRB not aligned, so UE can’t perform R-ML and most likely to fallback to IRC receiver
If some companies don’t want like modulation order detection, we can only define R-ML requirements with modulation order known in phase II. I.e. with help of bit field 010 to 101. But in phase 1 and required signalling discussion, we prefer to cover the modulation order detection since some companies still support it.
-----------------------------------------------Reply to Intel and Samsung ------------------------------------------
We think jointly indicate port and modulation is impossible. Each port should be allocated 3 bits to indicate {No interference, QPSK, 16QAM,64QAM,256QAM,1024QAM, mix modulation orders} 7 status, so at least 3*3=9 bits is needed, if we consider 8 ports, 3*7=21 bits is needed. We think it is unacceptable for RAN1. 2~3 bits is feasible.


	MediaTek2
	Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
We have done some clean up and refinement to Huawei and MediaTek merged proposal to clarify intention to have co-scheduled UE modulation order blind detection as UE optional feature.
	Bitfield
	coUE modulation order
	UE behavior

	000
	None
	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)




	Nokia, Nokia Shanghai Bell
	Sub-topic 1-1 Reference receiver assumptions
Issue 1-1-1: Reference receiver assumption for R-ML
We see it possible for the UE to blindly detect the modulation order for at least one co-scheduled UE. It is up to UE implementation, if possible, to detect modulation order for more than one co-scheduled UE. If not possible, the UE can use E-IRC or IRC for any additional co-scheduled UEs. 

Issue 1-1-2: Reference receiver 
We do not agree with the assumptions leading to the conclusion that “LMMSE-IRC and E-LMMSE-IRC are statistically equivalent and can be proved mathematically”. We see the need to keep both R-ML and E-IRC as possible candidates for now.
Support recommended WF to decide later.
Sub-topic 1-2 Discussion on the required information
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
Agreement made in GTW session.
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
We see it possible for UE to blindly detect the presence of 1 co-scheduled UE, hence we support option 1. We agree, that the discussion of how UE know about presence of co-scheduled UE is not required in case other parameters are signalled as the presence of other parameters would indirectly imply presence of co-scheduled UE.
Support recommended WF to postpone this issue after the agreements of other information are reached.

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
General for RRC signalling of validity of default assumptions:
We are OK with keeping the decision on RRC signaling if default assumption is not valid FFS, however this will possible be linked to/depend on decisions about default assumption validity signalling in other issues. In case it is decided to include RRC signalling information about validity of default assumptions, this signal should be one bit only and would invalidate all default assumptions.
For DMRS configuration:
Agreement made in GTW
For scrambling ID information:
We are fine with the tentative agreement. (option 1: To assume same as that of the target UE)
For the  information:
We support option 2B (Assume same with target UE) as we see this as the most common deployment.

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
Discussed in GTW.

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
We continue to support “Option 2B: The precoding granularity of co-scheduled UEs is same with that of target UE”, hence no assistant signalling is required.

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
Support recommended WF to agree on option 1: DMRS power boosting should be the same for both target and the co-scheduled UE.

Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Support recommended WF to agree on option 1: No need for the target UE to know the transmission power ratio of co-scheduled PDSCH to own PDSCH

Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
Support the recommended WF to agree on option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs.

Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
Signalling overhead would be substantial. Including FDRA information for one or more co-scheduled UEs in the DCI would be completely infeasible, hence further study is required (blind detection or simple RRC signalling). 
Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Concerning the discussion on how this information could be obtained we support option 1. Since the study is still ongoing, we cannot agree to option 1A at this point in time. We expect the study will provide additional information into what kind of information should be signalled if decided that information is needed to reduce the UE complexity.
Concerning the discussion on NWA signalling and in particular option 2 therein we are open to discuss the RRC signalling for the MCS table, but the study of aligned MO would be expected to be rather difficult to setup:
It a random and potentially rare event that co-scheduled UEs will have the same modulation order, hence the gains observed from such a study will need to be scaled accordingly and the gains are likely very small in a practical deployment if the UE only uses AdvRx for the random event of equal Modulation order. Additional complication for a study is weather R-ML is already employed on the first co-scheduled and activation of additional co-scheduled UEs will be depending on the signalling of same modulation order.

Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
We need to first decide if NWA is required and if required, the details of NWA can be discussed. 

Issue 1-2-3-3: RS location information of the co-scheduled UE
Support the recommended WF to agree on option 1.

Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
If network assistance is agreed, only RRC or MAC-CE based NWA shall be considered with priority on RRC.
For now this issue can be postponed until the analysis of blind detection is finalized.

Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
Considering the overhead if network assistant signalling is introduced, we support option 1 as a baseline assumption. 

	Huawei4
	PRB aligened is a good case to reduce the complexity of R-ML. If some companies think PRB aligned is not a normal case, we can reduce the BD from another dimension. I.e. reduce the search space of one layer.
We can inform a modulation set instead. 
	Bitfield
	coUE modulation order
	UE behavior
	Advantages 

	000
	None
	SU-MIMO (MMSE-IRC)
	No need advanced receiver

	001
	Bandwidth aligned,QPSK
	R-ML without modulation order detection
	No need BD

	010
	Bandwidth aligned,16QAM
	R-ML without modulation order detection
	No need BD

	011
	Bandwidth aligned,64QAM
	R-ML without modulation order detection
	No need BD

	100
	Bandwidth aligned,256QAM
	R-ML without modulation order detection
	No need BD

	101
	Bandwidth aligned,1024QAM
	R-ML without modulation order detection
	No need BD

	110
	Bandwidth not aligned, modulation order of all co-scheduled UEs are equal to or smaller than serving UE
	R-ML with modulation order detection. How many layers to be handled depends on UE implementation
	UE can perform R-ML with modulation order blind detection with limited search space 

	111
	Bandwidth not aligned, some modulation order of all co-scheduled UEs are equal to or smaller than serving UE, some are larger than serving UE
	R-ML with modulation order detection. How many layers to be handled depends on UE implementation
	UE can close the R-ML receiver  to avoid the poor performance 



It is noted that modulation order is a optional feature.
We have following reasons to introduce such signalling:
(1) Based on our simulation results, if the modulation order of co-scheduled UE is larger than serving UE, the R-ML receiver performance is degrade largely and close to E-IRC performance. So UE can choose to close the R-ML receiver
(2) If modulation order is smaller than serving UE, the BD search space can be reduced 
We think above signalling can do benefit to network for all scenarios 
Meanwhile, for the study of modulation order blind detection (if needed), we propose the following: 
For Rank 1+1
Serving UE (16QAM)+Co-scheduled UE(QPSK)
For Rank 2+2
Serving UE(16QAM)+Co-scheduled UE1 (16QAM) in RB0 ~ RB25+ Co-scheduled UE2 (QPSK) in RB 26~RB51
(1) Detection space is {QPSK,16QAM}
(2) For Rank 2+2, how many layers to be performed by R-ML depends on UE implementation. I.e. UE can perform R-ML for 1 layer and whiten the other layer or perform R-ML for 2 layers.



CRs/TPs comments collection
N/A
Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic #1-1 Reference receiver assumptions
	Issue 1-1-1: Reference receiver assumption for R-ML
Candidate options:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell (China Telecom, ZTE, MTK, Ericsson)
· Option 2: R-ML receiver in terms of total layer (serving + interfering) and modulation order (Intel, Huawei)
· 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 (Apple)
· 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 (Ericsson)
Recommendations for 2nd round:
· This issue is highly related to how UE could obtain each requirement information and how NWA is designed.
· It is recommended to first discuss how to obtain each of the needed parameters.

Issue 1-1-2: Reference receiver 
Candidate options:
· Option 1: Down-select R-ML as a candidate reference receiver to define phase II requirements (Intel, Qualcomm, Samsung, Huawei)
· Option 2: To be decided later (Apple, MTK, Ericsson, CTC, Nokia)
Recommendation:
· To be discussed in the next meeting.


	Sub-topic 1-2 Discussion on the required information
	Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
· GTW Agreement: 
· RAN4 should prioritize NWA related topics (especially for DCI related signalling) for this WI in Q2.

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
· Proposals on how this information could be obtained by the UE:
· Option 1: Blind detection should be considered (Nokia, ZTE)
· Option 2: By assistant information signalling (Apple, Intel, Qualcomm, MTK, Huawei, Ericsson)
· Option 3: Through signalling of other parameters or by blind detection to the DMRS port information to be discussed (China Telecom, Samsung, ZTE, Apple, Nokia, [Huawei, MTK])
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with modulation order and DMRS port (Intel)
· Option 2: 1 bit RRC signaling to indicate whether the DMRS port is used for the co-scheduled UE (Ericsson)
Recommendations for 2nd round:
· Postpone this issue after the agreements of other information are reached.

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
· GTW outcome on Apr 17th:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length
· Option 1 agreed
· Further check whether any restriction already exist in RAN1 specification, if not RRC signaling can be considered to inform UE whether RAN4 default assumption valid or not
· For the scrambling ID information:
· Tentative agreement: Option 1: Assume same as that of the target UE agreed as RAN4 default assumption
· FFS whether RRC signaling can be considered to inform UE if RAN4 default assumption not valid
Discussion after the GTW:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Apple, Huawei, CTC: Restriction already exists in RAN1 specification (TS38.214), thus RRC signaling is not needed.
· For the scrambling ID information:
· Tentative agreement: Assume same as that of the target UE agreed as RAN4 default assumption (Apple, Samsung as compromise, MTK, Ericsson, CTC, Intel, Nokia)
· Proposals on the signaling (if introduced):
· Option 1: RRC signaling can be considered to inform UE if RAN4 default assumption not valid (Samsung, Apple, Ericsson, CTC, Nokia)
· ZTE: When UE receive this signalling, the mu-mimo transmission may have been over.
· Option 2: NW should signal presence of co-scheduled UEs only when they use the same scrambling ID (MTK)
· For the  information:
· Option 1: Study the feasibility of UE blind detection for ∈{0,1} (Nokia, ZTE)
· Option 2: Default assumption could be assumed (Intel, MTK, Huawei, Apple, Samsung, CTC, Nokia, QC)
· Option 2A: Assume default scrambling ID and  combination (Intel)
· Option 2B: Assume same with target UE (MTK, Huawei, Apple, Nokia, QC)
· Intel, Ericsson, Nokia: 1-bit RRC signalling can be introduced to indicate whether the default assumption is valid.
· Option 4: Signalling on   via DCI should be considered (Apple, Samsung, MTK in case option 2 is not valid)
· Option 4A: Should be signalled if it is different from that of the target UE (Apple, Samsung)
· Option 5: Through signalling of other parameters (Samsung)
Tentative agreements and Recommendations for 2nd round:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Restriction already exists in RAN1 specification (TS38.214), thus RRC signaling is not needed.
· For the scrambling ID information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· Check if RRC signaling can be considered to inform UE if RAN4 default assumption not valid?
· For the  information:
· Default assumption could be assumed
· Check whether option 2B can be agreeable?
· Check if RRC signaling can be considered to inform UE if RAN4 default assumption not valid

Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
· GTW agreements on Apr 17th:
· Dedicated DCI signaling is not preferred for the DMRS port information
· FFS whether assistant RRC signalling can be introduced to reduce the BD complexity and/or maintain reasonable CE performance for target UE
· Companies are encouraged to further evaluate BD performance including the detailed assumption:
· Number of co-scheduled UE for BD
· Time/frequency location of co-scheduled UE

Discussion after the GTW: 
· Proposals on the UE BD evaluation assumption:
· Proposal 1 (Apple)
· 1 Co-UE
· Detection granularity - up to UE implementation
· Consider both same and different FDRA as the target UE
· Proposal 2 (CTC)
· Per PRB detection
· Select agreed cases in the result summary tdoc R4-2304687:
· case 2 (rank 1+1 2T2R QPSK interference TDLC300-100 random precoding) 
· case 9 (rank 2+2 4T4R 64QAM interference TDLA30-10 orthogonal precoding)
Recommendations for 2nd round:
· Study the BD performance together with FDRA information as recommended in Issue 1-2-2-8.

Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
· Proposals on whether this information is needed:
· Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs if different from target UE (Apple, Qualcomm, ZTE, Samsung, MTK, Nokia, Intel)
· Option 2: By per PRB channel estimation, the pre-coding granularity information is not needed (China Telecom)
· Proposals on how could be obtained if needed:
· Option 1: Blind detection could be considered (ZTE)
· Option 2: Default assumption could be assumed (Samsung, MTK, Nokia, Intel, Ericsson, CTC, [Apple, Qualcomm, Huawei if 1-bit RRC on default assumption is used])
· Option 2A: Default assumption assume all co-scheduled UEs are using the minimum PRG level (Samsung)
· Option 2B: The precoding granularity of co-scheduled UEs is same with that of target UE (MTK, Nokia, Intel, ZTE, Ericsson, CTC, [Samsung, Apple, Qualcomm, Huawei if 1-bit RRC on default assumption is used])
· QC: Assume PRG allocation is aligned across the co-scheduled UEs in different CDM groups
· Samsung: Default assumption assume all co-scheduled UEs are using the same PRG level as the target UE
· Option 3: Introduce assistant signalling (Qualcomm. Huawei, Apple)
· Option 3A: Inform UE whether the PRG allocation is aligned across the co-scheduled UEs in different CDM groups (Qualcomm, Apple)
· Option 3B: Indicates whether each co-scheduled UE has same precoding across all RBs in each PRG-level grid (target PRB bundling size is 2 or 4) or in the whole bandwidth (target PRB bundling size is wideband). (Huawei)
Tentative agreements and Recommendations for 2nd round:
· UE needs to know the pre-coding granularity of co-scheduled UEs if different from target UE
· How could be obtained
· Assume the precoding granularity of co-scheduled UEs is same with that of target UE
· Check if 1-bit RRC signaling can be considered to inform UE if RAN4 default assumption not valid?

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
· Proposals:
· Option 1: DMRS power boosting should be the same for both target and the co-scheduled UE. (China Telecom, Nokia, Intel, Samsung, ZTE, MTK, Ericsson)
· HW, QC: use RRC signalling to explicitly inform UE if option 1 could be assumed.
· Option 2: Numbers of CDM groups without data of the co-scheduled UEs should be signalled, or at least inform UE whether numbers of CDM groups without data are aligned across all co-scheduled UEs. (Apple, Qualcomm)
Tentative agreements and Recommendations for 2nd round:
· Option 1 can be assumed.
· Check if RRC signalling can be introduced to inform UE whether this RAN4 default assumption valid or not

Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Tentative agreements:
· No need for the target UE to know the transmission power ratio of co-scheduled PDSCH to own PDSCH (China Telecom, Nokia, Intel, ZTE, Samsung, MTK, Huawei, Apple, Qualcomm, Ericsson)

Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
· Proposals:
· Option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs (China Telecom, Nokia, Intel, Samsung, MTK, Huawei, Apple, ZTE, Ericsson, Qualcomm if 1-bit RRC on default assumption is introduced)
Tentative agreements and Recommendations for 2nd round:
· UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs
· Check if RRC signalling can be introduced to inform UE whether this RAN4 default assumption valid or not

Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
· Proposals on whether this information is needed:
· Option 1: UE should know the frequency domain resource allocation information of the co-scheduled UE (China Telecom, Nokia, Apple, Qualcomm, ZTE, Samsung, MTK, Huawei)
· Proposals on how this information could be obtained:
· Option 1: Blind detection could be considered (China Telecom, Nokia, Intel, ZTE, MTK, Huawei, Qualcomm, [Ericsson])
· Option 1A: Study the feasibility of blind detection (CTC, Nokia, Intel, ZTE, MTK, [Ericsson])
· Option 1B: Investigate the non-aligned MU-MIMO PDSCH scenario with constraints on the number of overlapping PDSCH in each co-scheduled layer (Intel)
· Option 1C: Leave to UE’s blind detection and don’t study the performance loss of blind detection (Huawei, Qualcomm)
· Option 2: Signalling should be considered (Apple, Qualcomm, Samsung)
· Option 2A: The interfered PRBs of target UE should be indicated (Apple)
· Option 2B: Inform UE whether the co-scheduled UE exists across the entire bandwidth (Qualcomm)
· Option 2C: Signalling in case it is not the same with the target UE (Samsung)
· Option 3: Assume same FDRA for co-UE and target UE (Apple, Ericsson, [Samsung if new signalling is not introduced])
· Proposals on the UE BD evaluation assumption:
· Option 1: Evaluate the FDRA BD performance of R-ML and E-IRC under the following scenario (CTC)
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~19 allocation
· Co-scheduled UE2 with PRB40~51 allocation
· Option 2: (Intel)
	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 
	


Tentative agreements and Recommendations for 2nd round
· UE should know the FDRA information of the co-scheduled UE
· Considering the majorities’ view, it is recommended to study the R-ML performance with BD to the DMRS port information as well as the FDRA information of the Co-UE.
· Check whether the following evaluation assumptions could be agreed:
· 1 Co-UE
· Detection granularity - per PRB/PRG (PRB bundle size is 2) detection
· 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 for the next meeting.

Sub-topic 1-2-3: Additional information required for R-ML
Issue 1-2-3-1: The modulation order information of the co-scheduled UE
· Proposals on the additional assumptions to the R-ML receiver:
· Proposal 1: All co-scheduled UEs use the same modulation order w/o blind detection, optional for the UE to support BD to MO (MTK)
· Nokia: Co-scheduled UEs will rarely have the same modulation order
· Proposal 2: (CTC)
· R-ML only to deal with co-scheduled layer(s) of the same modulation order
· If it cannot be done within per PRB or per PRG granularity, additionally assume the same modulation order is allocated for the co-scheduled layer(s) using the same DMRS port on different PRBs
· Proposals on how this information could be obtained:
· Option 1: Blind detection could be considered (China Telecom, Nokia, Huawei, Qualcomm, ZTE, Samsung)
· Option 1A: Introduce signalling to reduce the search complexity for blind detection (Huawei, Qualcomm, Samsung, ZTE, CTC)
· Option 2: By assistant information signalling the modulation order information (Apple, ZTE, Samsung, MTK, Intel)
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with DMRS port and co-scheduled UE presence information (Intel)
· Option 2: (Qualcomm, Ericsson, [Nokia])
· Introduce RRC based signalling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs 
· Option 3: Introduce DCI signalling to limit the total hypotheses of modulation order target UE to blindly detect up to 4 (Huawei)
· Option 4: Introduce DCI signalling to assist blind detection, such as 1 bit modulation order set information for each co-scheduled UE to reduce search space, for example, when gNB decide 16QAM for a co-scheduled UE, then gNB transmit 1 bit to indicate the modulation order of this co-scheduled UE is in the set {16QAM, 64QAM} (Samsung)
· Proposals on the assumptions for modulation order blind detection study:
· Proposal 1: (Huawei)
· For Rank 1+1
· Serving UE (16QAM)+Co-scheduled UE(QPSK)
· For Rank 2+2
· Serving UE(16QAM)+Co-scheduled UE1 (16QAM) in RB0 ~ RB25+ Co-scheduled UE2 (QPSK) in RB 26~RB51
Recommendations for 2nd round
· Check if the following proposal is agreeable, and further discuss the details
· As a balance of UE complexity and the signalling overhead, it is recommended to introduce signalling to reduce the search complexity for blind detection.
· Discuss what kind of information is signalled to reduce the UE complexity and to ensure R-ML performance.

Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
Recommendations for 2nd round
· Capture the proposals from companies in the WF for information purpose.

Issue 1-2-3-3: RS location information of the co-scheduled UE
Candidate options:
· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE (China Telecom, Nokia, Samsung, MTK, Huawei, ZTE, Ericsson)
· CTC: UE needs not to fall back to the legacy receiver even if this assumption is not valid. So we do not think this assumption needs an RRC signalling
· Option 2: R-ML receiver to handle the reference signals same as regular PDSCH interference (Intel, CTC)
· Option 3: Introduce the following signalling (Qualcomm)
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
Recommendations for 2nd round:
Check if the following proposal is agreeable:
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· Check whether to consider RRC signalling to inform UE whether the default assumption is needed.

Sub-topic 1-2-4: Signalling for network assistant information if introduced
Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
Candidate options:
· Option 1: Only consider RRC or MAC-CE based network assistance signalling (Ericsson, Nokia)
· Option 2: DCI (Samsung, MTK, Huawei, ZTE)
· Option 3: FFS once it is agreed which information is to be signalled (Nokia, Apple, Ericsson)
· Option 4: Some of the information could be carried by DCI and others carried by higher layer (China Telecom, Huawei, Apple, QC, MTK, Intel)
Recommendations for 2nd round:
· Discuss separately for each parameter

Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
Candidate options:
· Option 1: The granularity of the network assistant signalling should be the wideband (Samsung, MTK, Huawei, Apple, ZTE, Nokia)
· Intel: Actual meaning of wide-band may differ case by case.
· Option 2: FFS until it is agreed which information is to be signalled (Qualcomm, Ericsson, China Telecom)
Recommendations for 2nd round:
· Further discuss.



CRs/TPs
N/A
Discussion on 2nd round (if applicable)
Issue 1-1-1: Reference receiver assumption for R-ML
Candidate options:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell (China Telecom, ZTE, MTK, Ericsson)
· Option 2: R-ML receiver in terms of total layer (serving + interfering) and modulation order (Intel, Huawei)
· 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 (Apple)
· 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 (Ericsson)
Recommendations for 2nd round:
· This issue is highly related to how UE could obtain each requirement information and how NWA is designed.
· It is recommended to first discuss how to obtain each of the needed parameters.

	Company
	Comments

	Moderator
	Comment if the above recommendation is not acceptable.

	Huawei
	For Issue 1-1-1, what’s difference between option 1 and option 2? We think they are same

	CTC
	for Issue 1-1-1, as recommended, we can discuss what assumptions should be made to the R-ML receiver based on the discussion for each detailed parameters. I do not think we can reach any consensus by discussing this issue.
Thus for this issue, I just capture all the proposals. I hope it can be acceptable for you.



Issue 1-1-2: Reference receiver
Candidate options:
· Option 1: Down-select R-ML as a candidate reference receiver to define phase II requirements (Intel, Qualcomm, Samsung, Huawei)
· Option 2: To be decided later (Apple, MTK, Ericsson, CTC, Nokia)
Recommendation:
· To be discussed in the next meeting.

	Company
	Comments

	Moderator
	Comment if the above recommendation is not acceptable.



Issue 1-2-1-1: Timeline for the required information studying
· GTW Agreement: 
· RAN4 should prioritize NWA related topics (especially for DCI related signalling) for this WI in Q2.

Issue 1-2-2-1: The presence of co-scheduled UE
· Proposals on how this information could be obtained by the UE:
· Option 1: Blind detection should be considered (Nokia, ZTE)
· Option 2: By assistant information signalling (Apple, Intel, Qualcomm, MTK, Huawei, Ericsson)
· Option 3: Through signalling of other parameters or by blind detection to the DMRS port information to be discussed (China Telecom, Samsung, ZTE, Apple, Nokia, [Huawei, MTK])
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with modulation order and DMRS port (Intel)
· Option 2: 1 bit RRC signaling to indicate whether the DMRS port is used for the co-scheduled UE (Ericsson)
Recommendations for 2nd round:
· Postpone this issue after the agreements of other information are reached.

	Company
	Comments

	Moderator
	Comment if the above recommendation is not acceptable.

	Huawei
	could you please add one option “DCI-based signalling jointly with only modulation order ”? Because that is our proposal



Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
· GTW outcome on Apr 17th:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length
· Option 1 agreed
· Further check whether any restriction already exist in RAN1 specification, if not RRC signaling can be considered to inform UE whether RAN4 default assumption valid or not
· For the scrambling ID information:
· Tentative agreement: Option 1: Assume same as that of the target UE agreed as RAN4 default assumption
· FFS whether RRC signaling can be considered to inform UE if RAN4 default assumption not valid
Discussion after the GTW:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Apple, Huawei, CTC: Restriction already exists in RAN1 specification (TS38.214), thus RRC signaling is not needed.
· For the scrambling ID information:
· Tentative agreement: Assume same as that of the target UE agreed as RAN4 default assumption (Apple, Samsung as compromise, MTK, Ericsson, CTC, Intel, Nokia)
· Proposals on the signaling (if introduced):
· Option 1: RRC signaling can be considered to inform UE if RAN4 default assumption not valid (Samsung, Apple, Ericsson, CTC, Nokia)
· ZTE: When UE receive this signalling, the mu-mimo transmission may have been over.
· Option 2: NW should signal presence of co-scheduled UEs only when they use the same scrambling ID (MTK)
· For the  information:
· Option 1: Study the feasibility of UE blind detection for ∈{0,1} (Nokia, ZTE)
· Option 2: Default assumption could be assumed (Intel, MTK, Huawei, Apple, Samsung, CTC, Nokia, QC)
· Option 2A: Assume default scrambling ID and  combination (Intel)
· Option 2B: Assume same with target UE (MTK, Huawei, Apple, Nokia, QC)
· Intel, Ericsson, Nokia: 1-bit RRC signalling can be introduced to indicate whether the default assumption is valid.
· Option 4: Signalling on  via DCI should be considered (Apple, Samsung, MTK in case option 2 is not valid)
· Option 4A: Should be signalled if it is different from that of the target UE (Apple, Samsung)
· Option 5: Through signalling of other parameters (Samsung)
Tentative agreements and Recommendations for 2nd round:
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Restriction already exists in RAN1 specification (TS38.214), thus RRC signaling is not needed.
· For the scrambling ID information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· Check if RRC signaling can be considered to inform UE if RAN4 default assumption not valid?
· For the  information:
· Default assumption could be assumed
· Check whether option 2B can be agreeable?
· Check if RRC signaling can be considered to inform UE if RAN4 default assumption not valid

	Company
	Comments

	Intel
	We are OK with the recommended WF on DMRS type/position/length
 
we are OK with the proposed WF on scrambling ID set ({scrambling ID0} or {scrambling ID0, scramblingID1}). We want to point out that {scrambling ID0, scrambling ID1}) is intended for PAPR reduction in current specification.

For nscid setting, we support Option 2B’ for similar level of flexibility as current specification for PAPR. Option 2B’ may be concluded as below 
1) ‘0’ – Basic setting (mainly for CDM orthogonality within the same CDM group)
 . Same nscid with target UE under the same scrambling ID0 or (cell ID)
 . No configuration of dmrs-Downlink in DMRS-DownlinkConfig IE for Rel-16 UE
2) ‘1’ – PAPR favourable setting 
 . nscid setting for different scrambling ID when possible (i.e. among adjacent CDM groups) 
 . The same set of {scrambling ID0, scrambling ID1} need to be configured.
 . Possibly with configuration of dmrs-Downlink in DMRS-DownlinkConfig IE for Rel-16 UE
  (Among Rel-16 UEs, the same nscid setting automatically change scramblingID between
   two adjacent CDM groups)
 . For Rel-15 UE, different nscid among adjacent CDM groups of co-channel UE.
 . For mixed Rel-15 and Rel-16 UE case, gNB can derive unique rule considering CDM
  orthogonality restriction and PAPR reduction if allowed. 

	QC
	After reviewing Huawei’s comments, we agree that distinguishing all co-scheduled UEs are with aligned DMRS sequence (with aligned scrambling ID and N_SCID) is not relevant for UE receiver operation. Therefore, we can compromise not introducing the RRC signaling but RAN4 should consider including the “none of the co-scheduled UEs on the allocated resource to the target UE has the same DMRS sequence to the target UE” in the DCI signaling. Note that our proposal is not adding bits in DCI, since we already consider to signal UE “no co-schedule UEs are presented in the allocated resource to the target UE”, and “none of the co-scheduled UEs on the allocated resource to the target UE has the same DMRS sequence to the target UE” is essentially the same as “no co-schedule UEs are presented in the allocated resource to the target UE” from enabling MU algorithm perspective, and therefore these two cases can be combined into one signaling. We want to emphasize that no additional bits in DCI is introduced by the propose methodology. It merely updates the interpretation of the signaled bit. 
We suggest to add the following alternative option to RRC signaling:
If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, consider to combine “none of the co-scheduled UEs on the allocated resource to the target UE has the same DMRS sequence to the target UE” in to the same signaling without additional bits, given that they are the same from MU algorithm enablement perspective.

	Huawei
	We agree with option 2B
The wording” if RRC signaling can be considered to inform UE if RAN4 default assumption not valid” makes me confusing. We have two different understanding: 
(1) 1 bit indicate partial co-scheduled UEs have different SID as target UE
(2) 1 bit indicate all co-scheduled UEs have different SID as target UE
If (1) is correct, what this information used for? Anyway, UE have to enable the advanced receiver and perform presence detection.
If (2) is correct, UE will fallback to SU-MIMO behaviour, but it is better to be indicated jointly with modulation order indication by DCI in example1 to example6 proposed by us.

	China Telecom
	We support the recommended WF on the default assumptions on all the needed information.
As for the default assumption indication, we are open to discuss whether it could be carried by RRC or by DCI (but neither do we support to add another unique DCI bit for this default assumption indication information).

	ZTE
	We are agree with option2B. If RAN4 default assumption not valid. It means that target UE and co-schedule UE have different DMRS configuration. So target UE will know there is no co-schedule presented in slot scheduling.

	Apple
	For DMRS SID, the UE could assume by default that same as target UE, if this is not valid, there needs to be some indication that default assumption is not valid. 1 bit RRC signalling is not sufficient as this information needs to be used along with nSCID. 
If the default assumption on nSCID is not valid, UE would need it to be indicated via DCI. RRC signalling cannot be used for this. We can combine it with DCI signalling for MO as suggested by QC above. We suggest to add the proposal from WC as an option in the way forward.

	Samsung
	For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length, no further restriction and no further signalling is needed. 
For the scrambling ID information, we support to introduce the RAN4 default assumption (Assume the scrambling ID of co-scheduled UEs is as same as that of the target UE). Furthermore, we think it is better to introduce the RRC signalling to inform the target UE if RAN4 default assumption not valid, and if no valid received, the target UE should fall back to legacy IRC receiver.
For the nscid information, we support to introduce the RAN4 default assumption (Assume the nscid of co-scheduled UEs is as same as that of the target UE). Furthermore, we think it is better to introduce the RRC signalling to inform the target UE if RAN4 default assumption not valid, and if no valid received, the target UE should do blind detection for nscid.
Or we could consider to introduce restrictions in RAN1 specification (TS38.214) for scrambling ID and nscid as similar as the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length, and then no further signalling is needed. 

	Ericsson
	We share similar view as China Telecom and agree with the recommended WF.
We support to have proposed default assumptions on the needed information. When it is not valid, either the Network can send all information, which is optional, to the UE so that the UE can decide by itself the following:
1. Use obtained information to apply the advanced receiver
2. Obtained information is not enough but it can self-detect the rest of needed information and then apply the advanced receiver
3. Obtained information is not enough and it is not able to detect the rest of needed information, it will not apply the advanced receiver
Regarding to the NWA signaling, we think 1 bit RRC signaling can indicate the invalidation of the current assumptions so that the UE can start self-detection or turn off(not to apply) the advanced receiver. The benefit is to prevent the performance degradation due to the assumption mis-match. We are also open to find a way to let the Network indicates detailed information but like mentioned by China Telecom we should not add another unique DCI bit for this. 

	MediaTek
	We agree with the tentative agreements so that UE can assume the same scrambling ID and default nSCID. No additional NW assistant signaling, nor blind detection needed. In a case the default assumption would not be valid, network could use proposed modulation order DCI signalling to fallback to MMSE-IRC.

	Nokia, Nokia Shanghai Bell
	For the scrambling ID information:
We are fine to introduce a one-bit RRC signal used to invalidate all default assumptions. What the UE then does (blind detection+AdvRx or fallback to SU-MIMO), is up to UE implementation.

For the  information:
We support option 2B to assume same with target UE.



Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
· GTW agreements on Apr 17th:
· Dedicated DCI signaling is not preferred for the DMRS port information
· FFS whether assistant RRC signalling can be introduced to reduce the BD complexity and/or maintain reasonable CE performance for target UE
· Companies are encouraged to further evaluate BD performance including the detailed assumption:
· Number of co-scheduled UE for BD
· Time/frequency location of co-scheduled UE
Discussion after the GTW: 
· Proposals on the UE BD evaluation assumption:
· Proposal 1 (Apple)
· 1 Co-UE
· Detection granularity - up to UE implementation
· Consider both same and different FDRA as the target UE
· Proposal 2 (CTC)
· Per PRB detection
· Select agreed cases in the result summary tdoc R4-2304687:
· case 2 (rank 1+1 2T2R QPSK interference TDLC300-100 random precoding) 
· case 9 (rank 2+2 4T4R 64QAM interference TDLA30-10 orthogonal precoding)
Recommendations for 2nd round:
· Study the BD performance together with FDRA information as recommended in Issue 1-2-2-8.

	Company
	Comments

	Moderator
	Comment if the above recommendation is not acceptable.

	Apple
	If BD performance of DMRS ports is to be studied, the detection granularity should be left to UE implementation. Is the purpose of the study to assess the BD performance or to see if there is potential need to provide assistance signalling for DMRS ports. If it is the former, we can study this in phase 2, but if there is potential to include this signalling in DCI, the target should be May meeting. 

	China Telecom2
	Thanks Apple for the question.
By simulation evaluation, we will know whether it could be reliable enough for the NW to leave the DMRS port and FDRA info to UE BD. If mis-detection is always happened, we may have to find an alternative way for the UE to obtain such information. Either by additional limitation to the R-ML receiver and/or NWA signalling, which will be important for the May meeting decision on the NWA.
As recommended under Issue 1-2-2-8: ‘Companies are encouraged to bring simulation results for the next meeting.’

	MediaTek
	It may be reasonable to introduce assistant RRC signalling to restrict the BD complexity at UE, especially for cases where the network configures a large number (up to 24) DMRS ports while typically UE can jointly (R-ML) demodulate max 2 to 8 layers.



Issue 1-2-2-4: Precoding granularity for the co-scheduled UE
· Proposals on whether this information is needed:
· Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs if different from target UE (Apple, Qualcomm, ZTE, Samsung, MTK, Nokia, Intel)
· Option 2: By per PRB channel estimation, the pre-coding granularity information is not needed (China Telecom)
· Proposals on how could be obtained if needed:
· Option 1: Blind detection could be considered (ZTE)
· Option 2: Default assumption could be assumed (Samsung, MTK, Nokia, Intel, Ericsson, CTC, [Apple, Qualcomm, Huawei if 1-bit RRC on default assumption is used])
· Option 2A: Default assumption assume all co-scheduled UEs are using the minimum PRG level (Samsung)
· Option 2B: The precoding granularity of co-scheduled UEs is same with that of target UE (MTK, Nokia, Intel, ZTE, Ericsson, CTC, [Samsung, Apple, Qualcomm, Huawei if 1-bit RRC on default assumption is used])
· QC: Assume PRG allocation is aligned across the co-scheduled UEs in different CDM groups
· Samsung: Default assumption assume all co-scheduled UEs are using the same PRG level as the target UE
· Option 3: Introduce assistant signalling (Qualcomm. Huawei, Apple)
· Option 3A: Inform UE whether the PRG allocation is aligned across the co-scheduled UEs in different CDM groups (Qualcomm, Apple)
· Option 3B: Indicates whether each co-scheduled UE has same precoding across all RBs in each PRG-level grid (target PRB bundling size is 2 or 4) or in the whole bandwidth (target PRB bundling size is wideband). (Huawei)
Tentative agreements and Recommendations for 2nd round:
· UE needs to know the pre-coding granularity of co-scheduled UEs if different from target UE
· How could be obtained
· Assume the precoding granularity of co-scheduled UEs is same with that of target UE
· Check if 1-bit RRC signaling can be considered to inform UE if RAN4 default assumption not valid?

	Company
	Comments

	Intel
	We are OK with the recommended WF.

	QC
	Support 1 bit RRC signaling to inform UE whether the precoding granularity of co-scheduled UEs is same with that of target UE

	Huawei
	We strongly support introduce such 1 bit RRC signalling. Meanwhile, we suggest to use terminology “PRB bundling size” instead of “precoding granularity” since they “precoding granularity” is not defined in spec. They are equivalent

	China Telecom
	Support the recommended WF.
Ok to introduce RRC default assumption information indicator.

	ZTE
	We are OK with the recommended WF.

	Apple
	We support introducing RRC signalling to indicate if precoding granularity of co-scheduled UEs is same as target UE. 

	Samsung
	We are fine to support option 2A, for this option, no need to introduce RRC information; And we could compromise to the recommendations (Assume the precoding granularity of co-scheduled UEs is same with that of target UE) if the signalling could be introduced, however, here we have concern about the 1-bit RRC signalling, it is fine to define this kind of singling when the higher layer parameter prb-BundlingType is set to 'staticBundling', but may have problem when prb-BundlingType is set to 'dynamicBundling'.

	Ericsson
	OK with the recommended WF.

	MediaTek
	We support Option 2B. It is sufficient and reasonable to assume that co-scheduled UEs have the same precoding granularity. This assumption reduces the UE channel estimation complexity, and there is no need for dedicated signalling. In a case the default assumption would not be valid, network could use proposed modulation order DCI signalling to fallback to MMSE-IRC.

	Nokia, Nokia Shanghai Bell
	Support recommended WF to assume the precoding granularity of co-scheduled UEs is same with that of target UE
We are fine to introduce a one-bit RRC signal used to invalidate all default assumptions. What the UE then does (blind detection+AdvRx or fallback to SU-MIMO), is up to UE implementation.

	MTK
	We suggest to add similar option to Issue 1-2-2-4 as in Issues 1-2-2-2, 1-2-2-5 and 1-2-2-7:
Option X: Implied by DCI signaling on modulation order (if introduced)
We consider that as relevant option also for this Issue.



Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
· Proposals:
· Option 1: DMRS power boosting should be the same for both target and the co-scheduled UE. (China Telecom, Nokia, Intel, Samsung, ZTE, MTK, Ericsson)
· HW, QC: use RRC signalling to explicitly inform UE if option 1 could be assumed.
· Option 2: Numbers of CDM groups without data of the co-scheduled UEs should be signalled, or at least inform UE whether numbers of CDM groups without data are aligned across all co-scheduled UEs. (Apple, Qualcomm)
Tentative agreements and Recommendations for 2nd round:
· Option 1 can be assumed.
· Check if RRC signalling can be introduced to inform UE whether this RAN4 default assumption valid or not
	Company
	Comments

	Intel
	The motivation of Option 2 is for UE to ensure correct PDSCH RE mapping as well as correct reading of PDSCH EPRE to DMRS EPRE ratio. Option 1 indirectly assume that the same numbers of CDM groups without data are aligned across all co-scheduled UEs. RAN4 can treat this assumption as the same kind of MU-MIMO favourable assumption, which can be jointly signalled at most 1 bit RRC IE.  

	QC
	If it is the common understanding that option 1 is the common case with very rare exceptions, we can compromise to not have RRC signaling. If assistant information can be provided, suggest to follow the methodology we propose in 1-2-2-2.

	Huawei
	We strongly support introduce such 1 bit RRC signalling. Our internal evaluation shows performance will degrade severely if such default assumptions not valid. 

	China Telecom
	Same view as Intel. Open to discuss how the default assumption indication info is sent by DCI (Again no extra DCI bit is expected) or RRC.

	ZTE
	We are agree with option 1. However, we need to consider that if RAN4 default assumption is not valid. As the previous issue, 1bit RRC signaling maybe needed.

	Apple
	In our understanding if default assumption is not valid RRC signalling is not helpful as DMRS port information is indicated by DCI. We should consider DCI based indication if default assumption doesn’t hold. There will be huge performance degradation in performance if the UE assumes that CDM groups are aligned between co-scheduled UEs and in reality it is not. 

	Samsung
	We support option 1 and assume gNB prefer to set the same number of CDM groups without data for paired UEs even there is no such restriction. Thus we think it is not necessary to introduce RRC signalling for this.

	Ericsson
	We share similar view as Samsung and support option 1. 

	MediaTek
	We support Option 1. In a case the default assumption would not be valid, network could use proposed modulation order DCI signalling to fallback to MMSE-IRC.

	Nokia, Nokia Shanghai Bell
	We support option 1: DMRS power boosting should be the same for both target and the co-scheduled UE.
We agree with Samsung, that there is no need for RRC signalling. 



Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Tentative agreements:
· No need for the target UE to know the transmission power ratio of co-scheduled PDSCH to own PDSCH (China Telecom, Nokia, Intel, ZTE, Samsung, MTK, Huawei, Apple, Qualcomm, Ericsson)

	Company
	Comments

	Moderator
	Comment if the above tentative agreement is not acceptable.



Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
· Proposals:
· Option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs (China Telecom, Nokia, Intel, Samsung, MTK, Huawei, Apple, ZTE, Ericsson, Qualcomm if 1-bit RRC on default assumption is introduced)
Tentative agreements and Recommendations for 2nd round:
· UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs
· Check if RRC signalling can be introduced to inform UE whether this RAN4 default assumption valid or not

	Company
	Comments

	Intel
	We are OK with the recommended WF.

	QC
	We suggest to update the wording as:
UE assumes the same PDSCH symbols are allocated to the target and the co-scheduled UEs
We consider the methodology we proposed in 1-2-2-2 could potentially apply to this case, too. We suggest add the following option and select one option in the next meeting
If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, consider to combine “none of the co-scheduled UEs on the allocated resource to the target UE has the same PDSCH symbol allocation to the target UE” into the same signaling without additional bits, given that they are the same from MU algorithm enablement perspective.

	Huawei
	Even uneven scenario is outside the WI scope, we can compromise to add this 1 bit signalling to guarantee UE performance

	China Telecom
	Support the recommended WF. Open to discuss how the default assumption indication info is sent by DCI (Again no extra DCI bit is expected) or RRC.

	ZTE
	We are agree with the recommended WF.

	Apple
	UE can assume the same TDRA for co-scheduled UE. If the default assumption doesn’t hold, this should be signalled via DCI as RRC based might not be suitable for dynamic changes to TDRA. We might need to consider combined with all other DCI based signalling.

	Samsung
	We support option 1 and assume gNB will pair UEs has the same OFDM symbols for the PDCCH and PDSCH even there is no such restriction. Thus we think it is not necessary to introduce RRC signalling for this.

	Ericsson
	We prefer to focus on the same time domain resource for this WI. 

	MediaTek
	We support Option 1. In a case the default assumption would not be valid, network could use proposed modulation order DCI signalling to fallback to MMSE-IRC.

	Nokia, Nokia Shanghai Bell
	Support option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs.
We are fine to introduce a one-bit RRC signal used to invalidate all default assumptions. What the UE then does (blind detection+AdvRx or fallback to SU-MIMO), is up to UE implementation.



Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
· Proposals on whether this information is needed:
· Option 1: UE should know the frequency domain resource allocation information of the co-scheduled UE (China Telecom, Nokia, Apple, Qualcomm, ZTE, Samsung, MTK, Huawei)
· Proposals on how this information could be obtained:
· Option 1: Blind detection could be considered (China Telecom, Nokia, Intel, ZTE, MTK, Huawei, Qualcomm, [Ericsson])
· Option 1A: Study the feasibility of blind detection (CTC, Nokia, Intel, ZTE, MTK, [Ericsson])
· Option 1B: Investigate the non-aligned MU-MIMO PDSCH scenario with constraints on the number of overlapping PDSCH in each co-scheduled layer (Intel)
· Option 1C: Leave to UE’s blind detection and don’t study the performance loss of blind detection (Huawei, Qualcomm)
· Option 2: Signalling should be considered (Apple, Qualcomm, Samsung)
· Option 2A: The interfered PRBs of target UE should be indicated (Apple)
· Option 2B: Inform UE whether the co-scheduled UE exists across the entire bandwidth (Qualcomm)
· Option 2C: Signalling in case it is not the same with the target UE (Samsung)
· Option 3: Assume same FDRA for co-UE and target UE (Apple, Ericsson, [Samsung if new signalling is not introduced])
· Proposals on the UE BD evaluation assumption:
· Option 1: Evaluate the FDRA BD performance of R-ML and E-IRC under the following scenario (CTC)
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~19 allocation
· Co-scheduled UE2 with PRB40~51 allocation
· Option 2: (Intel)
	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 
	


Tentative agreements and Recommendations for 2nd round
· UE should know the FDRA information of the co-scheduled UE
· Considering the majorities’ view, it is recommended to study the R-ML performance with BD to the DMRS port information as well as the FDRA information of the Co-UE.
· Check whether the following evaluation assumptions could be agreed:
· 1 Co-UE
· Detection granularity - per PRB/PRG (PRB bundle size is 2) detection
· 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 for the next meeting.

	Company
	Comments

	Intel
	We are OK with the recommended WF with Option 1 for initial BD evaluation assumption. Our concern is that the current WF setting is simply degenerated as simple DMRS-based port detection problem rather than FDRA detection in the end. 
If it is the intention, we are OK. If not, RAN4 can set-up the cases with 2 Co-UE with different modulation order for FDRA detection which use PDSCH data RE.
By the way, for partial CBHW allocation (0 ~ 24 PRBs), does it mean the allocation with 25 PRBs?

	QC
	For partial CHBW allocation, we don’t think it’s relevant as UE doesn’t assume the same allocation throughout the BW, but study is contribution based and therefore we can agree it as an optional study. Note that the study phase aims at identifying MU algorithm gain, and reduce allocation only reduces the potential gain.

	Huawei
	We suggest to postpone this study to August meeting. Since it is agreed to focus on DCI related signalling discussion in Q2 and this study has no relationship with DCI signalling. Furthermore, the time between this meeting and May meeting is very limited, we are no confident to bring the simulation results in next meeting. We should focus on modulation order study as first priority since it is related to DCI design.

	China Telecom
	We agree with the recommended WF as a start point for the BD study to the DMRS port and FDRA information. We believe this evaluation is critical for us to conclude that it is feasible to leave it BD to the UE to obtain port and FDRA information.
To Intel, since this evaluation is not to verify the MO detection, we think the current setting (1 Co-UE) could be sufficient by covering both rank 1+1 and rank 2+2 (R-ML will need to detect all the possible co-layers in rank 2+2 case).
We support to cover both full and partial CHBW allocation in this evaluation. By this configuration, we are not only studying the gain, but also to evaluate the detection performance on the PRB/PRGs without any Co-UE interference.
By allocating 25 PRBs, we can see whether the detection performance could also be ensured on the PRG with only 1 PRB allocated, which is our main concern on the performance if per PRG detection is the preferred implementation.

	ZTE
	We are ok with recommended WF.

	Apple
	For this study, the detection granularity should be left to UE implementation. We would also like to check similar to Issue 1-2-2-2 if this is to study UE BD performance or to see if there can be potential DCI based signalling for this? As Huawei pointed out, there is limited time before May meeting submission, and we should prioritize this if there is potential to include any FDRA related info in DCI signalling. 

	Samsung
	We prefer the set ran4 default assumption: assume the FDRA information of co-scheduled UEs is same as the target UE, and gNB could only transmit modulation orders related information for co-scheduled UEs which fulfil this default assumption. Otherwise, we think it is also acceptable to define 1 bit RRC signalling to notify this default assumption is not valid.

	Ericsson
	We prefer to focus on the same FDRA for co-UE and target UE in this WI. We have similar concern as Huawei that we only have very limit time before the next meeting. We are fine with this study in the recommended WF if it is optional. 

	China Telecom2
	For the detection granularity, we are fine to leave it to UE implementation considering the simulation has already covered full and partial PRB allocation within a PRG. We will see whether it could be feasible based on the results.
For the meaning of this evaluation, as commented under Issue 1-2-2-3, we need to know whether it could be reliable enough for the NW to leave the DMRS port and FDRA info to UE BD. If not, the NWA design may be impacted.
For the partial CHBW allocation case, after reviewing companies’ comment, we did not observe technical challenge for the UE to detect such information under partial CHBW allocation scenario. Therefore we cannot understand why we are exclude such practical case initiatively.

	MediaTek
	We agree with other companies’ concerns of limited time before the next meeting, and we suggest postponing FDRA BD performance study to later meetings. Also, we do not want to preclude FDRA BD study of interested companies.

	Nokia, Nokia Shanghai Bell
	We are fine with doing the study as described in the proposed WF and are also OK with postponing this until August meeting.



Issue 1-2-3-1: The modulation order information of the co-scheduled UE
· Proposals on the additional assumptions to the R-ML receiver:
· Proposal 1: All co-scheduled UEs use the same modulation order w/o blind detection, optional for the UE to support BD to MO (MTK)
· Nokia: Co-scheduled UEs will rarely have the same modulation order
· Proposal 2: (CTC)
· [bookmark: _Hlk132986004]R-ML only to deal with co-scheduled layer(s) of the same modulation order
· If BD cannot be done within per PRB or per PRG granularity, additionally assume the same modulation order is allocated for the co-scheduled layer(s) using the same DMRS port on different PRBs
· Proposals on how this information could be obtained:
· Option 1: Blind detection could be considered (China Telecom, Nokia, Huawei, Qualcomm, ZTE, Samsung)
· Option 1A: Introduce signalling to reduce the search complexity for blind detection (Huawei, Qualcomm, Samsung, ZTE, CTC)
· Option 2: By assistant information signalling the modulation order information (Apple, ZTE, Samsung, MTK, Intel)
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with DMRS port and co-scheduled UE presence information (Intel)
· Option 2: (Qualcomm, Ericsson, [Nokia])
· Introduce RRC based signalling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs 
· Option 3: Introduce DCI signalling to limit the total hypotheses of modulation order target UE to blindly detect up to 4 (Huawei)
· Option 4: Introduce DCI signalling to assist blind detection, such as 1 bit modulation order set information for each co-scheduled UE to reduce search space, for example, when gNB decide 16QAM for a co-scheduled UE, then gNB transmit 1 bit to indicate the modulation order of this co-scheduled UE is in the set {16QAM, 64QAM} (Samsung)
· Proposals on the assumptions for modulation order blind detection study:
· Proposal 1: (Huawei)
· For Rank 1+1
· Serving UE (16QAM)+Co-scheduled UE(QPSK)
· For Rank 2+2
· Serving UE(16QAM)+Co-scheduled UE1 (16QAM) in RB0 ~ RB25+ Co-scheduled UE2 (QPSK) in RB 26~RB51
Recommendations for 2nd round
· Check if the following recommendations can be acceptable:
· As a balance of UE complexity and the signalling overhead, to assist the BD simulation evaluation, for this meeting, it is recommended to firstly make the following additional assumptions to the R-ML receiver:
· 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 the target UE could perform legacy IRC/E-IRC for the rest of the co-scheduled layer(s) if exists.
· Based on the above assumptions. check whether the following evaluation assumptions could be agreed:
· 1 Co-UE
· Detection granularity - per PRB/PRG (PRB bundle size is 2) detection
· 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 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.

	Company
	Comments

	Intel
	We are OK with the recommended WF as an BD study.
However, we want to clarify that this BD study does not preclude the possibility of (almost) full signalling of modulation order and/or joint signalling of port index information. RAN4 can make decision later after considering UE complexity and overall PDCCH impact from signalling overhead.

	QC
	Same comment as the previous issue.

	Huawei
	We suggest to focus on cases where modulation of co-scheduled UE is smaller than target UE since it can see more gain 
We suggest to focus on modulation order blind detection and assume other parameters known to save simulation work.
The origin wording “R-ML only to deal with co-scheduled layer(s) of the same modulation order” is confusing, it is better to say” UE applies R-ML to all interference layers with prior information that all layers have same modulation order ” 
We are also interested in BD performance in case with Rank 1+3, we suggest to introduce such case as an optional case and interested companies can bring results for such case. 
Please see follows: 
· Case 1 (rank 1+1 2T2R medium, 16QAM serving UE, QPSK interference TDLC300-100 random precoding)
· Case 2 (rank 2+2 4T4R Low, 64QAM serving UE, 16QAM interference,  TDLA30-10 orthogonal precoding)
· Case 3 (rank 1+3 4T4R Low, 16QAM serving UE, QPSK interference, TDLA30-10 orthogonal precoding)
R-ML assumption: 
(1) UE perform BD per PRG
(2) UE applies R-ML to all interference layers with prior information that all layers have same modulation order 

	China Telecom
	Support the recommended WF.

	ZTE
	In our understanding, UE can perform R-ML to all serving layers and all interference layers not part of interference layers. We agree with the recommended WF.

	Apple
	Some wording correction for clarification. 
We need some clarification on the purpose of this simulation. Is it to assess performance with BD on MO of co-scheduled layers or to decide the DCI based signalling?
How does partial allocation impact performance of MO detection? 
For case 3 by Huawei above, is the assumption target+2 co-scheduled UEs? 1+3 combination is not feasible with 1 co-UE.

	Huawei
	For FDRA, we agree with Apple that only to consider Full CHBW allocation. This study is for modulation order study purely, other non-ideal factors should be avoided.
Reply to Apple:
(1) I think this simulation targets to study MO blind detection performance with information assistance that all layers have same modulation order (Or only one co-scheduled UE existing) in each PRB. The results should be compared with R-ML receiver with modulation known and E-IRC receiver to see the performance loss and gain respectively
(2) For Rank 1+3,it is target for 1 co-scheduled UE, I think it is feasible and can be guaranteed by 38.212
[image: ]
See value 9 in above table, UE is scheduled in Port 0,1,2. So we don’t see any problem for scheduling UEs across CDM groups. Target UE is scheduled in Port 4, co-scheduled UE can be scheduled in 0,1,2

	Samsung
	We are fine with the recommended WF as BD study.
But for the evaluation assumptions, it seems only 1 Co-UE is used, if the simulation result of this scenario is good, could we assume the blind detection of 2 Co-UEs also has good performance?  

	Ericsson
	We agree with Huawei’s modification on the first bullet.
We prefer to study the proposed two cases in the recommended WF only with the assumption of full CHBW allocation of the co-scheduled UE. 

	China Telecom 2
	We agree with Apple that partial CHBW allocation does not impact the MO BD performance since the DMRS port and FDRA info is detected in advance. We are fine to exclude this case in this MO BD study.
We share similar view with HW on the purpose of this study, which is a important prerequisite for us to design the NWA in the next meeting (if introduced). We are fine with add HW’s case 3 as optional.

	MediaTek
	We believe that simulation study with CoUE modulation order BD is neither necessary nor relevant. In the case of single CoUE (which is widely considered to be the most relevant case), CoUE QAM order can and should be signaled directly via DCI so that BD is not needed. For the case where the modulation order of CoUE(s) is not explicitly signaled, we propose to apply E-MMSE-IRC performance requirement.

	Nokia, Nokia Shanghai Bell
	In general, we are OK with the proposed WF. 
However, it is sub-optimal to keep both PRB and PRG granularity as options for modulation order assumptions. We agree with QC and others from the GtW, that PRG granularity is the most common implementation and should be adopted.
Additionally, we would propose to add a test case like this:
“rank 1+1 2T2R 16QAM interference TDLC300-100 random precoding” as we see this as a practical scenario where our simulations have shown R-ML receiver has decent gain over E-IRC.
Finally, we don’t see the blind detection (BD) assistance limited to DCI signaling approaches. Non-dynamic NWA signalling (i.e., non-DCI) solutions, such as MAC CE and RRC configuration, can enable similar BD performance of modulation orders. Hence, enabling similar TPUT performance as DCI at much lower signaling overhead and signaling complexity. Please note that the focus should not only be a reduction of search spaces, but rather an improvement in correct detection of interfering modulation orders.
For example, we have seen encouraging simulation results concerning correct BD of modulation orders of interfering UEs, when the BD is focused on resources, where the target UE is not being served with data. 
Such BD opportunities without target PDSCH data, can easily be included in the DUT resource allocation using semi-static configurations.

	Apple2
	To Huawei:
Based on RAN1 spec, in MU-MIMO UE is not scheduled on DM-RS ports across 2 CDM grps. From 38.214:
[image: ]
Using 1+3 with Type 1 DM-RS would be an artificial setting, not used in actual deployment. 
To Nokia: 
Could you please clarify more on - BD is focused on resources where trget UE is not being served with data. It wouldn’t be MU-MIMO transmission in that case in our understanding. 

	CTC
	Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Way forward
· The following additional assumptions to the R-ML receiver can be agreed:
· Within each PRB/PRG, UE applies R-ML to all interference layers with prior information that all interference layers have same modulation order
· FFS whether to consider the case with interference layers have different modulation orders within one or more PRBs.
Sorry for the late comment. I just notice that the R-ML assumption part need to be updated with the first bullet is revised.
I propose the above update to the second bullet for companies to further check, thanks a lot!

	Nokia
	Regarding Apple’s question on “Issue 1-2-3-1: The modulation order information of the co-scheduled UE” in the summary
“Could you please clarify more on - BD is focused on resources where target UE is not being served with data. It wouldn’t be MU-MIMO transmission in that case in our understanding.”
Let us highlight our thinking, which did not make it into the tdoc in time.
One of the observations we had with our preliminary simulations for this meeting, is that the MO detection/accuracy was much better, when the target UE was not allocated with PDSCH itself in some of the REs used for MO BD. 
Note that the co-scheduled UE still are served in the whole slot, and the target UE is still served in >99% of the slot.
Example: Not scheduling 26 out of 6240 MU-MIMO transmission slot REs of the target UE with target PDSCH. We found that this improves detection performance while reducing the complexity.
[image: ]

	CTC
	Considering the limited time, may I respectfully ask are you ok with the current way forward for Issue 1-2-3-1?  Or I can add another note to try to address your concern, e.g., ‘With this MO BD study, the possibility of Non-dynamic NWA signalling (i.e., non-DCI) solutions is not precluded.’

	Nokia
	Regarding the wording in the WF we can accept your proposal to add the additional note. In addition we would suggest to also add a note to link the Issue 1-2-3-1 and 1-2-3-2 so following 2 notes will be added to 1-2-3-1:
•	With this MO BD study, the possibility of Non-dynamic NWA signalling (i.e., non-DCI) solutions is not precluded.
•	For this MO BD study, companies are encouraged to take all proposals from Issue 1-2-3-2 into consideration.



Issue 1-2-3-3: RS location information of the co-scheduled UE
Candidate options:
· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE (China Telecom, Nokia, Samsung, MTK, Huawei, ZTE, Ericsson)
· CTC: UE needs not to fall back to the legacy receiver even if this assumption is not valid. So we do not think this assumption needs an RRC signalling
· Option 2: R-ML receiver to handle the reference signals same as regular PDSCH interference (Intel, CTC)
· Option 3: Introduce the following signalling (Qualcomm)
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
Recommendations for 2nd round:
Check if the following proposal is agreeable:
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· Check whether to consider RRC signalling to inform UE whether the default assumption is needed

	Company
	Comments

	Intel
	We are OK with the recommended WF.

	QC
	OK with the recommended WF.

	China Telecom
	UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
However, we are still not persuaded also to include this information as a necessary condition for UE to perform R-ML.

	ZTE
	We are agree with the recommended WF.

	Apple
	We are fine with the recommended WF. 

	Samsung
	Fine with recommended WF and prefer not to consider RRC signalling for this.

	Ericsson
	We prefer to assume non-overlapping. No need to consider the signaling.

	MediaTek
	We are fine with the recommended WF. Also, we think RRC signalling is not needed for this purpose.

	Nokia, Nokia Shanghai Bell
	We are fine with the recommended WF.



Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
· Proposal 1: (Intel)
	Signalling Overhead
	DCI signalling Info.
	Antenna Port
= 1000 + DMRS Port (P)

	2 bits
	maxMIMO-Layers = 2
	00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1}

	6 bits
	maxMIMO-Layers = 4
	For 3 interfering ports in cyclic order from desired layer, each 2 bits represent as
00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1, 2, 3}



· Proposal 2: Use examples listed in below as start point (Huawei)

· Example 1: (Huawei, MTK)
	Bitfield
	coUE modulation order
	UE behavior

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

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

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

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

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

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

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

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



· Proposal 3: 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 4: Include blind detection opportunities for modulation order detection using semi-static DUT resource allocation, where DUT is not scheduled with PDSCH, but co-scheduled UEs are scheduled with PDSCH.
Recommendations for 2nd round:
· To be discussed in the next meeting if introduced

	Company
	Comments

	Samsung
	May i ask your help to add following words as Proposal 5 for Issue 1-2-3-2?  Sorry  for this since i thought this issue were supposed to discuss in next meeting, thus i didn't touch it yesterday. 
Proposal 5: Introduce DCI signalling to assist blind detection, such as 1 bit modulation order set information for each co-scheduled UE to reduce search space, for example, when gNB decide 16QAM for a co-scheduled UE, then gNB transmit 1 bit to indicate the modulation order of this co-scheduled UE is in the set {16QAM, 64QAM}   

	CTC
	Fine, in Issue 1-2-3-2, I will add Proposal 5: Introduce DCI signalling to assist blind detection, such as 1 bit modulation order set information for each co-scheduled UE to reduce search space, for example, when gNB decide 16QAM for a co-scheduled UE, then gNB transmit 1 bit to indicate the modulation order of this co-scheduled UE is in the set {16QAM, 64QAM}




Issue 1-2-4-1: Signalling for the network assistant information (If introduced)
Candidate options:
· Option 1: Only consider RRC or MAC-CE based network assistance signalling (Ericsson, Nokia)
· Option 2: DCI (Samsung, MTK, Huawei, ZTE)
· Option 3: FFS once it is agreed which information is to be signalled (Nokia, Apple, Ericsson)
· Option 4: Some of the information could be carried by DCI and others carried by higher layer (China Telecom, Huawei, Apple, QC, MTK, Intel)
Recommendations for 2nd round:
· Discuss separately for each parameter

	Company
	Comments

	Moderator
	Comment if the above recommendation is not acceptable.



Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
Candidate options:
· Option 1: The granularity of the network assistant signalling should be the wideband (Samsung, MTK, Huawei, Apple, ZTE, Nokia)
· Intel: Actual meaning of wide-band may differ case by case.
· Option 2: FFS until it is agreed which information is to be signalled (Qualcomm, Ericsson, China Telecom)
Recommendations for 2nd round:
· Further discuss.

	Company
	Comments

	QC
	Most of the signaling discussed so far has granularity across the entire allocated BW, but better to discuss the granularity case by case of each signaled information, otherwise it’s hard to conclude without the context.

	Huawei
	Option 1

	ZTE
	Option 1.

	Apple
	We show keep this open and discuss based on the signalling agreed to be introduced.

	Samsung
	The signalling should be wideband granularity, with the default assumptions defined

	Ericsson
	Postpone this discussion.

	MediaTek
	We think Option 1 is valid working assumption, but we can keep this open until signalling details are agreed.

	Nokia, Nokia Shanghai Bell
	We support option 1 as baseline assumption. We ok to keep this open until level of signalling is agreed.




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

	R4-2304108
	Nokia, Nokia Shanghai Bell
	The number of co-scheduled UEs
Observation 1: We have provided simulation results for 1 co-scheduled UE initially according to the agreed high priority cases, which can be used for alignment.
Proposal 1: Delay decision to support more than 1 co-scheduled UE FFS until alignment is done for 1 co-scheduled UE, or the usage of more layers for co-scheduled UEs instead of more UEs has been decided.
DMRS sequence for the co-scheduled UE
Observation 2: Using same scrambling ID for DMRS sequence is the most common deployment, hence this assumption can be kept.
MCS for the target UE
Observation 3: Based on our simulations, we see it feasible to define requirements for the agreed MCS13 for both rank 1 and rank 2 for target UE.
Proposal 2: Define requirements rank 1 and rank 2 with MCS13 for target UE.
Observation 4: It is feasible and meaningful to define minimum performance requirements which covers the use-case of maximum cell throughput.
Proposal 3: Define requirement for rank 2 with MCS19 for target UE preferable with 64 QAM co-scheduled UE.
Observation 5: It is feasible and meaningful to define requirements which covers the use-case of best coverage.
Proposal 4: Define requirement for rank 1 with MCS4 for target UE preferably with PQSK co-scheduled UE.
Modulation order for the co-scheduled UE, receiver type and channel
Observation 6: Considering the performance gain of R-ML over E-IRC especially in random precoding scenarios and with low modulation order interference it is clear that R-ML requirements are needed to ensure practical deployment gains of this demodulation performance advantage.
Proposal 5: Define requirements for rank 1+1 with QPSK for co-scheduled UE, random precoder, TDLC300-100 and R-ML.
Proposal 6: Define requirements for rank 2+2 with QPSK and 64QAM for co-scheduled UE, orthogonal precoder and R-ML. Define at least one requirement for each proposed channel model (TDLA30-75 and TDLC300-100).
PDSCH resource allocation for the target and co-scheduled UE
Observation 7: We see the configuration of Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs as possible in practical deployed networks.
Proposal 7: RAN4 to cover “Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.” in phase I.
Collection of phase I simulation results
Observation 8: For all cases, enhanced receivers (R-ML and E-MMSE-IRC) significantly outperform baseline MMSE-IRC receiver.
Observation 9: R-ML gains outperform E-MMSE-IRC gains when interferer modulation order is low. R-ML gains does not significantly outperform E-MMSE-IRC gains in use-cases where interferer modulation order is high.
Observation 10: R-ML gains outperform E-MMSE-IRC gains in spectral efficiency enhancement use-case where interferer modulation order is low
Observation 11: R-ML gains does not significantly outperform E-MMSE-IRC gains in spectral use-case where interferer modulation order is high.
Observation 12: <1dB difference is seen when comparing results with similar configuration using TDLC300-100 and TDLA30-10.

	R4-2304109
	Nokia, Nokia Shanghai Bell
	Simulation results

	R4-2304139
	Apple
	Simulation Results
2x2 TDLC channel:
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 #3: With random precoder in medium correlation performance degradation of 3dB with IRC receivers and ~1dB with R-ML receiver in 2x2.
4x4:
Observation #4: With orthogonal precoders, with TDL-A channel and 2+2 gain with R_ML receiver is observed when co-scheduled UE is using QPSK.
Observation #5: Gain with E-IRC receiver is not significant with MCS 13 with TDL-A channel and 2+2.
Observation #4: With orthogonal precoders, with TDL-C channel and 2+2 larger gain with R-ML receiver is observed when co-scheduled UE is using QPSK.
Observation #5: Gain with E-IRC receiver is not significant with MCS 13 with TDL-C channel and 2+2.
Test Parameters:
Observation #6: Rank 1+3 combination used DMRS ports across 2 CDM groups for co-scheduled UE. Such DMRS port combination is not used for MU-MIMO scheduling.
Proposal #1: Use rank combination 1+2 with 4x4 channel for further evaluation. 
Proposal #2: Further evaluate performance with MCS 17 or MCS19 for target UE.

	R4-2304254
	Intel Corporation
	Simulation results.
Proposal 1. RAN4 to consider additional simulation case of MCS4 (QPSK, rank 1) and MCS19 (64QAM, rank 2) for target UE under Max. 64QAM MCS table.

	R4-2304359
	Qualcomm Incorporated
	Proposal 9: 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 10: 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.

	R4-2304685
	China Telecom
	Proposal 1: Cover 2 co-scheduled UEs at least in phase I study.
Proposal 2: For the study case for more than 1 co-scheduled UEs, allocate rank 1 for each of the UE.
Proposal 3: To try to limit the phase I simulation cases, we slightly prefer to only consider MCS 13 for the target UE and cover other modulation orders for the co-scheduled UEs.
Proposal 4: Support to cover QPSK, 16QAM and 64QAM for the co-scheduled layers, fine with the following cases agreed in the WF as a start point.
-	For rank 1+1: QPSK
-	For rank 2+2: 64QAM
-	For rank 2+2: QPSK
-	For rank 1+3: 16QAM
-	For rank 1+1 (64QAM) +1 (QPSK)
-	For rank 1+1 (64QAM) +1 (16QAM)
Observation 1: Under ULA medium A correlation for rank 1+1+1 case, the SNR points for R-ML and E-IRC are as high as 30dB and 70% max TP cannot be achieved for IRC receiver.
Proposal 5: Not to consider ULA medium A for rank 1+1+1 if reasonable SNR points cannot be achieved.
Proposal 6: Only consider 1 PMI selection method for each simulation case to save the simulation workload.
Proposal 7: Consider the following scenario only 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 for both scenarios.

	R4-2304686
	China Telecom
	Simulation results

	R4-2304687
	China Telecom
	Collection of simulation results

	R4-2305119
	MediaTek Inc.
	Observation #2: In 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 #3: In 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 #4: In 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 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 #5: In 2+2 scenario with orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.2dB in TDLA30-10 low correlation and 2.0dB in TDLC300-100 low correlation.
Observation #6: In 2+2 scenario with non-orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.2dB in TDLA30-10 low correlation and 5.4dB in TDLC300-100 low correlation.
Observation #7: In 2+2 scenario with orthogonal random precoding R-ML gain over MMSE-IRC varies between 0.1dB and 1.6dB in TDLA30-10 low correlation and between 2.4dB and 4.4dB in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #8: In 2+2 scenario with non-orthogonal random precoding R-ML gain over MMSE-IRC varies between 7.9dB and 12.4dB in TDLA30-10 low correlation and between 2.5dB and 7.9dB in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #9: In 1+3 scenario with orthogonal random precoding E-MMSE-IRC gain over MMSE-IRC is 0.3dB in TDLA30-10 low correlation and 0.6dB in TDLC300-100 low correlation.
Observation #10: In 1+3 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 1+3 scenario with orthogonal random precoding R-ML gain over MMSE-IRC varies between 0.5dB and 3.0dB in TDLA30-10 low correlation and between 1.1dB and 4.4dB in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #12: In 1+3 scenario with non-orthogonal random precoding R-ML gain over MMSE-IRC varies between 2.1dB and 10.1dB in TDLA30-10 low correlation and undefined in TDLC300-100 low correlation depending on co-scheduled UE modulation order.
Observation #13: E-MMSE-IRC gain over MMSE-IRC does 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.

	R4-2305470
	Huawei, HiSilicon
		Observation 1: For R-ML receiver, compared to modulation order of serving UE, the modulation order of interference UE smaller, the performance gain is higher 
	Observation 2: R-ML receiver has significant gain for low Rank allocation (Rank 1+1) with medium antenna correlation and high Rank allocation (Rank 2+2) with low antenna correlation. 
	Observation 3: R-ML receiver performs better than E-MMSE-IRC for all cases
	Observation 4: E-MMSE-IRC has no performance gain over MMSE-IRC for TDLA30-10, even for TDLC300-100, the gain is limited.
	Observation 5: Compared to TDLA30-10,  R-ML has more performance gain over MMSE-IRC for TDLC300-100
	Observation 6: Random PMI increases the performance gain significantly compared to orthogonal PMI. 
Proposal 1: RAN4 to focus on R-ML receiver with following conditions:
	TDLC300-100
	The modulation order of co-scheduled UE is no larger than serving UE
	Rank 1+1 with medium antenna correlation and Rank 2+2 with low antenna correlation 
	Random PMI selection

	R4-2305659
	Ericsson
	Observation 1 : For the scenraio of rank 1+1, configuring same modulation order for the target UE and co-scheduled UE can result in reasonable gain from both E-MMSE-IRC and R-ML receivers to the baseline MMSE-IRC
Observation 2 : For the scenraio of rank 1+1, configuring different modulation order for the target UE and co-scheduled UE can result in no gain for R-ML receiver
Proposal 1 : Consider same modulation order for the target UE and co-scheduled UE for the scenraio of rank 1+1
Observation 3: Configuring same modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC receiver and limit gain from R-ML receiver
Observation 4: Configuring different modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC but no gain from R-ML receiver
Proposal 2: Consider same modulation order for the target UE and co-scheduled UE for the scenraio of rank 2+2
Observation 5: For scenario of rank 1+1 the performance of MCS4 with 2x2 ULA low and ULA medium can not have obvious gain over the baseline receiver
Observation 6: For scenario rank 2+2 the performance of MCS4 with 2x2 ULA low can have 2.0dB gain for E-IRC receiver and 3.1dB gain for R-ML receiver
Proposal 3: Either not to consider MCS4 at all, or consider MCS4 only for the following 1 case:
Observation 7: the max Tput can not be reached if the modulation order for the co-scheduled UE is 64QAM.
Proposal 4: Not to consider MCS19 
Observation 8: Configuring ULA medium for scenario rank 1+1 with MCS13 for both UEs can achieve reasonable gain over the baseline receiver for both E-IRC and R-ML receiver
Proposal 5: Only consider ULA medium antenna correlation for scenario rank 1+1
Observation 9: Configuring ULA low for scenario rank 2+2 with MCS13 for both UEs can achieve reasonable gain over the baseline receiver for both E-IRC and R-ML receiver
Observation 10: The performance of configuring ULA medium can not reach the max Tput
Proposal 6: Only consider ULA low antenna correlation for the scenario rank 2+2
Proposal 7: Consider only 2+2 for 4Rx cases
Observation 11: When using the TDLC300-100 as the channel model, the gain from E-IRC and R-ML receivers are way too large to the baseline receiver MMSE-IRC
Proposal 8: Only consider TDLA30-10 for the case that the rank of the target UE is 2
Proposal 9: Reuse Rel-17 precoder selection method:
For target UE:
	Random precoding with Single panel Type 1 per PRB bundling size per slot
For interference UE:
	For case with rank 1+1: Select the PMI matrix randomly from the codebook of Co-scheduled UE to ensure that any column of precoding matrix of Co-scheduled UE is not equal to any column of precoding matrix of Target UE
	For case with rank 2+2: Select the precoding matrix to ensure orthogonality with Target UE

	R4-2305660
	Ericsson
	Simulation results for phase I study of intra-cell inter-user interference



Open issues summary
Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
· Status in the last meeting WF in R4-2302929
· For initial evaluation stage 
· 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
· Proposals:
· Option 1: 1 co-scheduled UE as higher priority (Nokia)
· Option 2: Cover 2 co-scheduled UEs at least in phase I study (China Telecom)
· Recommended WF
· Encourage feedback.

Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
· Status in the last meeting WF in R4-2302929
· Agreement on ‘rank number for target UE + rank number for co-scheduled UE’:
· 2Rx UE: 1+1
· 4Rx UE: 2+2 and 1+3 
· Proposals:
· For 4Rx:
· Option 1: Use rank combination 1+2 to replace the rank 1+3 case (Apple)
· Apple: Rank 1+3 combination used DMRS ports across 2 CDM groups for co-scheduled UE. Such DMRS port combination is not used for MU-MIMO scheduling
· Option 2: Only consider rank 2+2 (Ericsson)
· E///: More than 1dB gain for E-IRC and more than 2dB gain for R-ML for rank 2+2 has been observed. There is no need to consider rank combination 1+3.
· Recommended WF
· Encourage feedback.

Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
· Status in the last meeting WF in R4-2302929
· Proposals on ‘rank number for target UE + rank number for the 1st co-scheduled UEs + rank number for the 2nd co-scheduled UEs’:
· Option 1: Rank 1+1+1
· Agreement:
· Option 1 for interested companies to bring evaluation results in initial study stage
· Proposals:
· Option 1: Rank 1+1+1 (China Telecom)
· Recommended WF
· Encourage feedback.

Issue 2-1-4: MCS for the target UE
· Status in the last meeting WF in R4-2302929
· Cover MCS 13 for rank 1 and rank 2 for initial simulation
· Further discuss whether to cover MCS 4 for rank 1 and MCS 19 for rank 2 in the next meeting
· The assumption can be updated later based on available results.
· Proposals:
· Option 1: Only consider MCS 13 for the target UE (China Telecom slight prefer, [Ericsson])
· CTC: Other modulation orders could be covered for the co-scheduled UEs
· E///: For MCS4, performance gain can only be observed under 2x2 ULA medium. For MCS19, the max Tput cannot be reached if the modulation order for the co-scheduled UE is 64QAM
· Option 2: Evaluate performance with MCS 17 or MCS19 for target UE (Apple)
· Option 3: Consider additional simulation case of MCS4 (QPSK, rank 1) and MCS19 (64QAM, rank 2) (Intel)
· Recommended WF
· Discuss whether to add a MCS with 64QAM (MCS 17 or MCS 19) for target UE with rank 2 
· Discuss whether to add MCS 4 for target UE with rank 1 

Issue 2-1-5: Modulation order for the co-scheduled UE
· Status in the last meeting WF in R4-2302929
· 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 the next meeting)
· For rank 2+2: 64QAM (high priority for the next meeting)
· For rank 2+2: QPSK (high priority for the next meeting)
· For rank 1+3: 16QAM (high priority for the May meeting)
· 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: Cover QPSK, 16QAM and 64QAM for the co-scheduled layers (China Telecom)
· CTC: The cases in the agreed in the WF can be used as a start point
· Option 2: The modulation order of co-scheduled UE is no larger than serving UE (Huawei)
· Option 3: Consider same modulation order for the target UE and co-scheduled UE (Ericsson)
· E///: Configuring different modulation order result in no gain for R-ML receiver.
· Recommended WF
· Encourage feedback.

Issue 2-1-6: Channel model
· Status in the last meeting WF in R4-2302929
· For initial simulation assumptions:
· Use TDLC300-100 when the rank of the target UE is 1
· [bookmark: _Hlk132209984]Use TDLA30-10 and TDLC300-100 when the rank of the target UE is 2
· The assumption can be updated later based on available results.
· Proposals:
· When the rank of the target UE is 2:
· Option 1: Only consider TDLC300-100 (Huawei)
· Option 2: Only consider TDLA30-10 (Ericsson)
· E///: When using the TDLC300-100 as the channel model, the gain from E-IRC and R-ML receivers are way too large to the baseline receiver MMSE-IRC
· Recommended WF
· Encourage feedback.

Issue 2-1-7: Antenna correlation
· Status in the last meeting WF in R4-2302929
· For initial simulation in Phase I only:
· Rank 1+1: ULA medium
· Rank 1+1+1: ULA medium A, XPL medium
· Rank 2+2, 1+3: ULA Low
· The assumptions can be updated later based on available results
· Proposals:
· For rank 1+1 and rank 2+2:
· Option 1: Rank 1+1 with medium antenna correlation and Rank 2+2 with low antenna correlation (Huawei, Ericsson)
· For rank 1+1+1:
· Option 1: Not to consider ULA medium A if reasonable SNR points cannot be achieved. (China Telecom)
· CTC: Under ULA medium A correlation for rank 1+1+1 case, the SNR points for R-ML and E-IRC are as high as 30dB and 70% max TP cannot be achieved for IRC receiver
· Recommended WF
· Encourage feedback.

Issue 2-1-8: Precoder selection target and co-scheduled UEs
· Status in the last meeting WF in R4-2302929
· Single panel Type 1
· Random PMI selection for the target UE
· Cover both orthogonal and random PMI selection (same as Rel-17 approach) for the co-scheduled UE in phase I
· The assumption can be updated later base on the available results.
· Proposals:
· Option 1: Only consider 1 PMI selection method for each simulation case (China Telecom, Huawei, Ericsson)
· Option 1A: Random PMI selection (Huawei)
· Option 1B: Reuse the Rel-17 IRC test setup (Ericsson)
· For rank 1+1: Random PMI selection
· For rank 2+2: Orthogonal and random PMI selection
· Recommended WF
· Encourage feedback.

Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
· Status in the last meeting WF in R4-2302929
· For initial simulation in phase I, cover scenario 1, further discuss whether to cover scenario 2 in the next meeting
· 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.
· Proposals:
· Option 1: Cover both scenario 1 and scenario 2 in the phase I study (China Telecom, Nokia)
· Option 1A: Consider the following scenario for the study of R-ML and E-IRC with blind detection to the required information (China Telecom)
· 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.
· Recommended WF
· Encourage feedback.

Sub-topic 2-2 Phase II requirement definition (For information)
According to the approved work plan in R4-2300128, the Initial discussion on the parameters for defining requirements will not be started before RAN4#108.
The moderator recommends no discussion on this sub-topic 2-2 for this meeting.
Issue 2-2-1: MCS for the target UE
· Proposals:
· Proposal 1: Define the following requirements (Nokia)
· MCS 13 for rank 1 and rank 2
· MCS19 for rank 2 with 64QAM interference
· MCS4 for rank 1 with QPSK interference
· Nokia: Covers the cases with best throughput and best coverage
· Recommended WF
· No discussion

Issue 2-2-2: Test cases for Phase II requirements
· Proposals:
· Proposal 1: Define the following requirements (Nokia)
· Rank 1+1 with QPSK for co-scheduled UE, random precoder, TDLC300-100 and R-ML.
· Rank 2+2 with QPSK and 64QAM for co-scheduled UE, orthogonal precoder and R-ML. Define at least one requirement for each proposed channel model (TDLA30-75 and TDLC300-100).
· Recommended WF
· No discussion

Issue 2-2-3: Precoder selection target and co-scheduled UEs
· Proposals:
· Proposal 1: The precoding matrices across co-scheduled UEs should be orthogonal (Qualcomm)
· Recommended WF
· No discussion

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Company A
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs

Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE

Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs

Issue 2-1-4: MCS for the target UE

Issue 2-1-5: Modulation order for the co-scheduled UE

Issue 2-1-6: Channel model

Issue 2-1-7: Antenna correlation

Issue 2-1-8: Precoder selection target and co-scheduled UEs

Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE


	Samsung
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
Slightly prefer option 2.
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
1+1 and 2+2 are enough.
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
Option 1 is fine for us.
Issue 2-1-4: MCS for the target UE
Fine with option 1 and option 2. No need to consider MCS4.
Issue 2-1-5: Modulation order for the co-scheduled UE
Slightly prefer option 2.
Issue 2-1-6: Channel model
Option 2 is fine for us.
Issue 2-1-7: Antenna correlation
Option 1 is fine for us.
Issue 2-1-8: Precoder selection target and co-scheduled UEs
Option 1A is preferable.
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
Related to Issue 1-2-2-8, wait for the conclusion of Issue 1-2-2-8.

	Huawei
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
Number of co-scheduled UEs is agnostic to target UE. RAN4 should focus on interference layers allocation rather than co-scheduled UEs allocation. As we pointed out in previous issues, it’s better to aligned modulation order between difference layers. Hence only 1 interference UE is sufficient.
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
We are OK to focus on Rank 1+1 for 2Rx UE and Rank 2+2 for 4Rx UE.
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs

Issue 2-1-4: MCS for the target UE
Performance of R-ML is sensitive to the relationship between modulation order of target UE and co-scheduled UEs. For example, for the scenario with QPSK(Serving UE)+64QAM(Interference UE), the R-ML performance is no comparable to E-MMSE-IRC.  For scenario with 64QAM(Serving UE)+QPSK(Interference UE), the R-ML performance is optimal.
We have studied the performance of 16QAM. To make the phase I study more meaningful, we can cover QPSK and 64QAM and consider different relationship between target UE and interference UE. For example:
QPSK(Serving UE)+64QAM(Interference UE)
64QAM(Serving UE)+64QAM(Interference UE)
64QAM(Serving UE)+QPSK(Interference UE)
To reduce the simulation cases number, we can split those combinations into different rank allocation.
Issue 2-1-5: Modulation order for the co-scheduled UE

Issue 2-1-6: Channel model
We support only consider TDL-C which is bottleneck of MMSE-IRC performance
Issue 2-1-7: Antenna correlation
We prefer medium correlation for rank 1+1 and low correlation for Rank 2+2
Issue 2-1-8: Precoder selection target and co-scheduled UEs
We prefer option1A to maximum the gain of advanced receiver
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
We propose to align the bandwidth between co-scheduled UEs and target UE

	Apple
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
Option 1.
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
2RX: 1+1
4RX: 2+2 is sufficient. As mentioned in our paper 1+3 is not a valid set up for MU-MIMO with type1 DMRS with length 1. 
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
Only consider 1 co-UE.
Issue 2-1-4: MCS for the target UE
We should consider 64QAM for target UE, with rank 2. MCS17 would be sufficient.
Issue 2-1-5: Modulation order for the co-scheduled UE
· For rank 1+1: QPSK (high priority for the next meeting)
· For rank 2+2: 16QAM (high priority for the next meeting)
· For rank 2+2: QPSK (high priority for the next meeting)
Issue 2-1-6: Channel model
When target UE is rank 1 – TDLC300-100
When targe UE is rank 2 – TDLA30-10 
Issue 2-1-7: Antenna correlation
· Rank 1+1: ULA medium
· Rank 2+2,: ULA Low

Issue 2-1-8: Precoder selection target and co-scheduled UEs
Only consider orthogonal precoder selection. The performance with random  precoder is degraded with baseline receiver, and when compared with  R-ML it looks as if gains are high with R-ML. But using random precoder is introducing interference at the gNB itself between co-scheduled UEs. This is not a good assumption to define requirements with. 
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
It would be useful to consider different freq allocation between target and co-UE for blind detection of co-UE DMRS ports. For demod requirements, we can use same frequency allocation for target and co-UE.  

	QC
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
Support option 1
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
Support option 2
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
Do not consider more than 1 co-scheduled UEs
Issue 2-1-4: MCS for the target UE
We can support MCS 13, but if companies want to consider MCS 19 to have a higher operating SNR point to see a better performance gain from interference cancellation, we are open to discuss it. 
However, lower MCS doesn’t make sense since it shifted the operating SNR downward and the interference cancellation has smaller improvement layer, given that the noise dominates the decoding performance.
Issue 2-1-5: Modulation order for the co-scheduled UE
We can choose multiple modulation orders from QPSK, 16QAM, 64QAM for study, but in terms of requirement, choosing one modulation order is enough given that the blind detection algorithm is identical for all interfering modulation orders. 
Issue 2-1-6: Channel model
We suggest to use TDL-A channel to have a better channel estimation, and which makes interference cancellation more effective. 
Issue 2-1-7: Antenna correlation
Low corr channel is better, same argument as the previous issue.
Issue 2-1-8: Precoder selection target and co-scheduled UEs
We have the same view as Apple for phase II. In study phase, we can use random PMI to have a larger impact of the interference from co-scheduled UEs. However, we observed from the results submitted by companies that orthogonal precoding presents significant gain from R-ML receiver. Then in phase II, we should consider a more practical scenario. It’s hard to imagine that the network will intentionally increase the impact of interference from the co-scheduled UEs by using non-orthogonal precoding matrix. Therefore, we should consider orthogonal precoding matrix only in phase II.
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
DUT UE has to perform blind detection for at least every PRG, and therefore schedule different modulation order on different RB/PRGs only complicates the test setup without bring real benefits. Therefore, we propose to have one co-scheduled UE with full PRG allocation.


	ZTE
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
Option 1.
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
We are ok with Rank1+1 and Rank 2+2.
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
Option 1.
Issue 2-1-4: MCS for the target UE
We support option 1.
Issue 2-1-5: Modulation order for the co-scheduled UE

Issue 2-1-6: Channel model
We are ok with option 2
Issue 2-1-7: Antenna correlation
Option 1 is ok.
Issue 2-1-8: Precoder selection target and co-scheduled UEs
We have the same view as Apple. Only consider orthogonal precoding matrix in phase II.
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE


	MediaTek
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
We support Option 1.
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
We support Option 2. We think for 4Rx UE it is enough to test 2+2.
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
We support limiting test efforts to single co-schedule UE scenarios.
Issue 2-1-4: MCS for the target UE
We prefer Option 1. Simulation study already show significant gains with MCS13. With higher MCS we can achieve higher R-ML gains but in addition we expect higher MCS configurations would be more difficult to align between companies. However, we are open to discuss further if evaluation of higher MCS is considered important by majority of companies.
Issue 2-1-5: Modulation order for the co-scheduled UE
Simulation study already show significant performance gain differences between different co-scheduled UE modulation orders with R-ML receiver. The lowest modulation order QPSK has clearly the highest gains.
Therefore, we propose to focus simulation efforts only to QPSK modulation for co-scheduled UE to save simulation efforts.
Issue 2-1-6: Channel model
Based on simulation study we have following proposal
For 1+1: TDLC300-100
For 2+2: TDLC300-100
Issue 2-1-7: Antenna correlation
Based on simulation study we have following proposal
For 1+1: ULA Medium (or extend study to ULA Low)
For 2+2: ULA Low
Issue 2-1-8: Precoder selection target and co-scheduled UEs
Based on simulation study and to minimize implementation efforts by reusing Rel-17 solutions we have following proposal
For 1+1: Non-orthogonal random PMI selection
For 2+2: Orthogonal random PMI selection
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
We suggest focusing only on Scenario 1.


	Ericsson
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
We support option 1. 
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
We support option 2.
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs

Issue 2-1-4: MCS for the target UE
In our simulation results the performance of MCS19 in the designed cases can not reach the max Tput. We are fine to further decide this in the next meeting to check and see more results. 
Issue 2-1-5: Modulation order for the co-scheduled UE
More simulations are needed and we can decide it in the next meeting. 
Issue 2-1-6: Channel model
We support option 2. 
Issue 2-1-7: Antenna correlation
Rank 1+1 with medium antenna correlation and Rank 2+2 with low antenna correlation
Issue 2-1-8: Precoder selection target and co-scheduled UEs
We see minor performance difference between two precoding method here. We had the same discussion in Rel-17 MU-MIMO and we see no difference here. To save the effort, we prefer to directly reuse the previous agreements.  
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
We don’t think the scenario listed in option 1A is usual. We prefer to only consider scenario 1 in the last meeting’s WF.


	China Telecom
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
Support option 2.
Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
We support last meeting agreements. But considering the majorities’ view we are fine to compromise not to consider rank 1+3.
Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
We support option 1.
Issue 2-1-4: MCS for the target UE
We are fine to also include MCS 17 or 19 for rank 2 cases.
Issue 2-1-5: Modulation order for the co-scheduled UE
Option 1.
Issue 2-1-6: Channel model

Issue 2-1-7: Antenna correlation

Issue 2-1-8: Precoder selection target and co-scheduled UEs
We are fine with option 1B.
Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
Depends on the discussion outcome in Issue 1-2-2-8

	Intel
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
 Option 1 would be enough for advanced receiver decision 
 For more co-scheduled UEs, we can consider in Phase II and blind detection study,

Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
Option 2 would be enough for advanced receiver decision 
 For more co-scheduled UEs, we can consider in Phase II and blind detection study,

Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
For more than 1 co-scheduled UE, we can consider in Phase II and blind detection study,

Issue 2-1-4: MCS for the target UE
For the completeness of Phase I study and TR report preparation, 64QAM and QPSK would be meaningful. Prefer 64QAM (MCS 17) with rank 2 and QPSK (MCS 4) with rank 1 
Issue 2-1-5: Modulation order for the co-scheduled UE
The following high priority cases would be enough for advanced receiver decision and TR preparation.
· For rank 1+1: QPSK (high priority for the next meeting)
· For rank 2+2: 64QAM (high priority for the next meeting)
· For rank 2+2: QPSK (high priority for the next meeting)

Issue 2-1-6: Channel model
We are OK with Option 2. For Rank 2, we have already collected the results with TDLC300-100. For further investigation we can focus TDLA30-10. 

Issue 2-1-7: Antenna correlation
We think 1+1, 2+2 would be enough for Phase I study.
Further cases can be defined later for performance requirement in Phase II. 

Issue 2-1-8: Precoder selection target and co-scheduled UEs
We are OK with Option 1B. 

Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
We support the study on non-aligned PHSCH allocation cases. 
For this end, we propose to consider two scenarios below for trade-off between scheduling flexibility and overhead of NW assistance, 
Scenario 1) Same FDRA between co-scheduled UEs (possibly with full NW signalling of port presence/modulation order/port number for R-ML)
Scenario 2) Different FDRA with at most two overlapped allocations in each layer
    . Possibly with full NW signalling of port presence/modulation order/port number (for R-ML)
    . The RB index of each allocation boundary may be acquired with blind detection

For our scenario 2, the proposal of Option 1A needs some revision
1) Layers of target UE and co-scheduled UE1 and UE2 needs to be specified
2) PDSCH allocation granularity needs to be clarified (2 PRB ?)
3) It would be more natural to empty PRBs in highest layer
                                                Proposal 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 
	


    

	Nokia, Nokia Shanghai Bell
	Sub-topic 2-1 Phase I interference modeling and simulation assumptions
Issue 2-1-1: The number of co-scheduled UEs
Focus should be on the number of layers first. Prioritize 1 co-scheduled UE for now. 

Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
We are OK with option 2 to focus on 2+2 for 4Rx UE.

Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
Only consider 1 UE as priority for now.

Issue 2-1-4: MCS for the target UE
We have provided simulation results for MCS4 (QPSK, rank 1) and MCS19 (64QAM, rank 2) which show it feasible to define requirements for those cases.
Support option 3: Consider additional simulation case of MCS4 (QPSK, rank 1) and MCS19 (64QAM, rank 2)

Issue 2-1-5: Modulation order for the co-scheduled UE
Our simulation results show positive gain for R-ML and E-IRC receivers with all simulation co-scheduled UE modulation orders and max throughput can be reached for all enhanced receiver cases.
Support option 1: Cover QPSK, 16QAM and 64QAM for the co-scheduled layers
To reduce the number of test cases, we are open for discussing splitting layer allocation between the configurations.

Issue 2-1-6: Channel model
In our simulation results we do not see big difference between the channel models used. We support to define requirements with at least one requirement for each channel model (TDLA30-10 and TDLC300-100).

Issue 2-1-7: Antenna correlation
We support option 1: Rank 1+1 with medium antenna correlation and Rank 2+2 with low antenna correlation

Issue 2-1-8: Precoder selection target and co-scheduled UEs
It is up to the network to decide which precoder to use (random or orthogonal). For coverage cases (i.e. 1+1, low modulation order) random precoding can be used as noise is predominant whereas for throughput cases network would select orthogonal precoders.
Support option 1B to reuse the Rel-17 IRC test setup.

Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
We agree with Ericsson that Option 1A is not a usual scenario. Also Intel’s proposal for scenario 2 with 3 co-scheduled UE is very atypical. 
A simplified scenario 2 with only 1 UE having partial bandwidth allocation (e.g. 0 to 26 PRBs)  can be considered along with scenario 1.




Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Issue 2-1-1: The number of co-scheduled UEs
Candidate options:
· Option 1: 1 co-scheduled UE as higher priority (Nokia, Huawei, Apple, Qualcomm, ZTE, MTK, Ericsson, Intel, Nokia)
· Option 2: Cover 2 co-scheduled UEs at least in phase I study (China Telecom, Samsung slightly prefer)
Recommendations for 2nd round:
· Keep the previous meeting, and continue discussion in the next meeting. 

Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
Tentative agreements:
· For 2Rx: rank 1+1
· For 4Rx: Only consider rank 2+2 (Ericsson, Samsung, Huawei, Apple, Qualcomm, ZTE, MTK, CTC as compromise, Intel, Nokia)

Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
Candidate options:
· Option 1: Rank 1+1+1 (China Telecom, Samsung, ZTE)
Recommendations for 2nd round:
· Maintain the last meeting agreement: Option 1 for interested companies to bring evaluation results in initial study stage

Issue 2-1-4: MCS for the target UE
Candidate options:
· MCS 4 (QPSK):
· Yes (Huawei, Intel for rank 1, Nokia for rank 1)
· No (CTC slightly prefer, Samsung, ZTE, MTK, Apple)
· MCS 13 (16QAM):
· Yes (CTC, Samsung, Nokia, ZTE, MTK, Qualcomm, Last meeting agreement)
· No (Apple, Huawei)
· MCS 17 or MCS 19 (64QAM)
· Yes (Apple for rank 2, Samsung, CTC, Nokia for rank 2, Intel for rank 2, Huawei, [Qualcomm])
· No (MTK)
· Ericsson: Should be FFS
Recommendations for 2nd round:
· Check if the following can be agreed:
· Cover MCS 13 for rank 1 and rank 2 for initial simulation
· Cover MCS 17 for rank 2 for initial simulation (new case on top of the last meeting agreement)
· Further discuss whether to cover MCS 4 for rank 1 in the next meeting
· The assumption can be updated later based on available results. 

Issue 2-1-5: Modulation order for the co-scheduled UE
Candidate options:
· Option 1: Cover QPSK, 16QAM and 64QAM for the co-scheduled layers (China Telecom, Qualcomm, Nokia)
· Option 2: The modulation order of co-scheduled UE is no larger than serving UE (Huawei, Samsung slightly prefer, [Apple])
· Option 1A (Huawei)
· QPSK(Serving UE)+64QAM(Interference UE)
· 64QAM(Serving UE)+64QAM(Interference UE)
· 64QAM(Serving UE)+QPSK(Interference UE)
· Option 1A: (Apple)
· With 64QAM for the target UE
· For rank 1+1: QPSK
· For rank 2+2: 16QAM 
· For rank 2+2: QPSK
· Option 3: Consider same modulation order for the target UE and co-scheduled UE (Ericsson)
· Option 4: QPSK only (MTK)
· Option 5: FFS (Ericsson)
Recommendations for 2nd round:
· No consensus, 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+3: 16QAM (high priority for the May meeting)
· 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.

Issue 2-1-6: Channel model
Candidate options:
· When the rank of the target UE is 1:
· Option 1: TDLC300-100 (Apple, MTK)
· When the rank of the target UE is 2:
· Option 1: Only consider TDLC300-100 (Huawei, MTK)
· Option 2: Only consider TDLA30-10 (Ericsson, Samsung, Apple, Qualcomm, ZTE, Intel)
Recommendations for 2nd round:
· Check if the following can be agreed:
· TDLC300-100 when the rank of the target UE is 1
· TDLA30-10 when the rank of the target UE is 2

Issue 2-1-7: Antenna correlation
Candidate options:
· For rank 1+1 and rank 2+2:
· Option 1: Rank 1+1 with medium antenna correlation and Rank 2+2 with low antenna correlation (Huawei, Ericsson, Samsung, Apple, ZTE, MTK, Nokia)
· Option 2: ULA low only (Qualcomm)
· For rank 1+1+1:
· Option 1: Not to consider ULA medium A if reasonable SNR points cannot be achieved. (China Telecom, Samsung)
Recommendations for 2nd round:
· Check if the following can be agreed:
· Rank 1+1: ULA medium
· Rank 2+2: ULA Low
· Rank 1+1+1: XPL medium (Interested companies can bring simulation results)

Issue 2-1-8: Precoder selection target and co-scheduled UEs
Candidate options:
· Option 1: Only consider 1 PMI selection method for each simulation case (China Telecom, Huawei, Ericsson, Samsung, Apple, Qualcomm)
· Option 1A: Random PMI selection (Huawei, Samsung, Qualcomm for phase I only)
· Option 1B: Reuse the Rel-17 IRC test setup (Ericsson, MTK, China Telecom, Intel, Nokia)
· For rank 1+1: Random PMI selection
· For rank 2+2: Orthogonal and random PMI selection
· Option 1C: Orthogonal PMI selection only (Apple)
· ZTE, QC: Only consider orthogonal PMI selection for phase II.
Recommendations for 2nd round:
· Only consider 1 PMI selection method for each simulation case.
· Check if option 1B could be agreeable only for phase I simulation purpose?

Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
Candidate options:
· Option 1: Cover both scenario 1 and scenario 2 in the phase I study (China Telecom, Nokia, Intel, [Nokia])
· Option 1A: Consider the following scenario for the study of R-ML and E-IRC with blind detection to the required information (China Telecom)
· 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 (Intel):
	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 (Nokia) 
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~26 allocation.
· Option 2: Only consider scenario 1 (Huawei, Qualcomm, MTK, Ericsson, Apple)
· Option 3: FFS based on the conclusion for Issue 1-2-2-8 (Samsung, China Telecom)
Recommendations for 2nd round:
· FFS based on the discussion outcome in the NWA part.




CRs/TPs
N/A
Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Issue 2-1-1: The number of co-scheduled UEs
Candidate options:
· Option 1: 1 co-scheduled UE as higher priority (Nokia, Huawei, Apple, Qualcomm, ZTE, MTK, Ericsson, Intel, Nokia)
· Option 2: Cover 2 co-scheduled UEs at least in phase I study (China Telecom, Samsung slightly prefer)
Recommendations for 2nd round:
· Keep the previous meeting, and continue discussion in the next meeting. 

Issue 2-1-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
Tentative agreements:
· For 2Rx: rank 1+1
· For 4Rx: Only consider rank 2+2 (Ericsson, Samsung, Huawei, Apple, Qualcomm, ZTE, MTK, CTC as compromise, Intel, Nokia)

	Company
	Comments

	Moderator
	Comment if the above tentative agreement is not acceptable.

	Huawei
	I have a question, are these cases also applied for cases with blind detection discussed in Sub-topic 1-2? Our understanding is that all test setups discussed in Topic #2 only target for ideal condition without any blind detection included.
I need further clarification that all test setups discussed in Topic-2 are no relevant to cases specified for BD study purposes

	China Telecom
	All test setups discussed in Topic #2 only target for ideal condition without any blind detection included. This topic is parallel with the required information study as agreed in the last meeting:
Issue 2-14: Assumptions on the required information
· For initial simulation in Phase I, assume the needed parameters of the co-scheduled UE are all known to UE, which is the upper bound for the potential performance gain.
· Meanwhile, discuss in parallel on the potential ways of obtaining each of the needed parameters as in Sub-topic 3 in Phase I.



Issue 2-1-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
Candidate options:
· Option 1: Rank 1+1+1 (China Telecom, Samsung, ZTE)
Recommendations for 2nd round:
· Maintain the last meeting agreement: Option 1 for interested companies to bring evaluation results in initial study stage

	Company
	Comments

	Intel
	Support the recommended WF.
1+1 and 2+2 may be sufficient in Phase I study to decide advanced receiver type.
Under genie-receiver assumption, 1+1+1 may not give much information. It can be meaningful in BD study on modulation order/FDRA detection, though.

	China Telecom
	We support the recommended WF.

	
	

	
	

	
	



Issue 2-1-4: MCS for the target UE
Candidate options:
· MCS 4 (QPSK):
· Yes (Huawei, Intel for rank 1, Nokia for rank 1)
· No (CTC slightly prefer, Samsung, ZTE, MTK, Apple)
· MCS 13 (16QAM):
· Yes (CTC, Samsung, Nokia, ZTE, MTK, Qualcomm, Last meeting agreement)
· No (Apple, Huawei)
· MCS 17 or MCS 19 (64QAM)
· Yes (Apple for rank 2, Samsung, CTC, Nokia for rank 2, Intel for rank 2, Huawei, [Qualcomm])
· No (MTK)
· Ericsson: Should be FFS
Recommendations for 2nd round:
· Check if the following can be agreed:
· Cover MCS 13 for rank 1 and rank 2 for initial simulation
· Cover MCS 17 for rank 2 for initial simulation (new case on top of the last meeting agreement)
· Further discuss whether to cover MCS 4 for rank 1 in the next meeting
· The assumption can be updated later based on available results. 

	Company
	Comments

	Intel
	We are OK with MCS 13 for 1+1 and 2+2, MCS 17 for 2+2.

	QC
	As long as the operating region is within the SNR limit imposed by EVM, we support the evaluation for higher target UE MCS given that interference has a larger effect when the operating SNR is high and interference cancellation can possibly achieve better performance in a better channel condition. Therefore, we don’t support evaluating lower MCS given that the SNR operating region is too low to have effective interference cancellation.
However, the multiple MCS are for study only, in phase 2, RAN4 should choose only one MCS to test.

	Huawei
	We are OK with recommended WF. MCS 13 for 1+1 and 2+2, MCS 17 for 2+2. 

	China Telecom
	Fine with the recommended WF.

	ZTE
	We are agree with the recommended WF.

	Apple
	We are fine with the recommended WF. We don’t see any value in adding MCS4/ QPSK to the list. Agree with QC that we need to consider SNR limit imposed by EVM. 

	Samsung
	Fine with the recommended WF.

	Ericsson
	We are fine with the recommended WF.

	MediaTek
	We are fine with the recommended WF.

	Nokia, Nokia Shanghai Bell
	We are fine with the recommended WF.



Issue 2-1-5: Modulation order for the co-scheduled UE
Candidate options:
· Option 1: Cover QPSK, 16QAM and 64QAM for the co-scheduled layers (China Telecom, Qualcomm, Nokia)
· Option 2: The modulation order of co-scheduled UE is no larger than serving UE (Huawei, Samsung slightly prefer, [Apple])
· Option 1A (Huawei)
· QPSK(Serving UE)+64QAM(Interference UE)
· 64QAM(Serving UE)+64QAM(Interference UE)
· 64QAM(Serving UE)+QPSK(Interference UE)
· Option 1A: (Apple)
· With 64QAM for the target UE
· For rank 1+1: QPSK
· For rank 2+2: 16QAM 
· For rank 2+2: QPSK
· Option 3: Consider same modulation order for the target UE and co-scheduled UE (Ericsson)
· Option 4: QPSK only (MTK)
· Option 5: FFS (Ericsson)
Recommendations for 2nd round:
· No consensus, 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+3: 16QAM (high priority for the May meeting)
· 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.

	Company
	Comments

	Intel
	We are fine with the recommended WF.

	QC
	If the purpose is demonstrating performance gains but not aligning results, the recommended WF is good for us.

	Huawei
	We are fine with the recommended WF.

	Apple
	We are fine with the recommended WF. 

	Ericsson
	We are fine with the recommended WF.

	MediaTek
	We are fine with the recommended WF.

	Nokia, Nokia Shanghai Bell
	We are fine with the recommended WF.



Issue 2-1-6: Channel model
Candidate options:
· When the rank of the target UE is 1:
· Option 1: TDLC300-100 (Apple, MTK)
· When the rank of the target UE is 2:
· Option 1: Only consider TDLC300-100 (Huawei, MTK)
· Option 2: Only consider TDLA30-10 (Ericsson, Samsung, Apple, Qualcomm, ZTE, Intel)
Recommendations for 2nd round:
· Check if the following can be agreed:
· TDLC300-100 when the rank of the target UE is 1
· TDLA30-10 when the rank of the target UE is 2

	Company
	Comments

	Intel
	We are fine with the recommended WF.

	QC
	The recommendation is good for study, but for phase 2 discussion, given that interference cancellation can have a larger impact when channel condition is better and 2 interfering layers are scheduled, we suggest to test target UE rank 2 scenario. It’s hard to imagine that a UE can perform well in rank 2 MU scenario but can’t have good performance in rank 1.

	Huawei
	We are fine with the recommended WF

	China Telecom
	Fine with the recommended WF. We agree this is a phase I study, I think we can add ‘For initial study’ on the wording to try to address QC’s concern.

	ZTE
	OK with the recommended WF.

	Apple
	We are fine with the recommended WF. 

	Ericsson
	We are fine with the recommended WF.

	MediaTek
	We are fine with the recommended WF.

	Nokia, Nokia Shanghai Bell
	We are fine with the recommended WF.




Issue 2-1-7: Antenna correlation
Candidate options:
· For rank 1+1 and rank 2+2:
· Option 1: Rank 1+1 with medium antenna correlation and Rank 2+2 with low antenna correlation (Huawei, Ericsson, Samsung, Apple, ZTE, MTK, Nokia)
· Option 2: ULA low only (Qualcomm)
· For rank 1+1+1:
· Option 1: Not to consider ULA medium A if reasonable SNR points cannot be achieved. (China Telecom, Samsung)
Recommendations for 2nd round:
· Check if the following can be agreed:
· Rank 1+1: ULA medium
· Rank 2+2: ULA Low
· Rank 1+1+1: XPL medium (Interested companies can bring simulation results)

	Company
	Comments

	Intel
	We are fine with the recommended WF.

	Huawei
	We are fine with the recommended WF.

	China Telecom
	We are fine with the recommended WF.

	ZTE
	We are agree with the recommended WF.

	Apple
	We are fine with the recommended WF. 

	Ericsson
	We are fine with the recommended WF.

	MediaTek
	We are fine with the recommended WF.

	Nokia, Nokia Shanghai Bell
	We are fine with the recommended WF.




Issue 2-1-8: Precoder selection target and co-scheduled UEs
Candidate options:
· Option 1: Only consider 1 PMI selection method for each simulation case (China Telecom, Huawei, Ericsson, Samsung, Apple, Qualcomm)
· Option 1A: Random PMI selection (Huawei, Samsung, Qualcomm for phase I only)
· Option 1B: Reuse the Rel-17 IRC test setup (Ericsson, MTK, China Telecom, Intel, Nokia)
· For rank 1+1: Random PMI selection
· For rank 2+2: Orthogonal and random PMI selection
· Option 1C: Orthogonal PMI selection only (Apple)
· ZTE, QC: Only consider orthogonal PMI selection for phase II.
Recommendations for 2nd round:
· Only consider 1 PMI selection method for each simulation case.
· Check if option 1B could be agreeable only for phase I simulation purpose?

	Company
	Comments

	Intel
	We support Option 1B.

	QC
	For study phase, we can consider both random and orthogonal to better understand performance gains in different scenarios, but for defining requirement, we should consider the most reasonable case in the deployment. Orthogonal precoding matrix should be used in the deployment based on the below reasoning:
It’s hard to imagine that the network will intentionally increase the impact of interference from the co-scheduled UEs by using non-orthogonal precoding matrix. Therefore, we should consider orthogonal precoding matrix only in phase II.
We haven’t seen the benefit of using random precoding over orthogonal precoding other than simplicity of following previous release or not too much performance difference. But from analytical point of view, orthogonality can lead to better special isolation which is beneficial from serving layer decoding and interference layer detection/removal performance. Moreover, setting 1+1 to orthogonal instead of random doesn’t increase RAN4 efforts since R-ML receiver is new, and new simulation results have to be submitted in any case.

	Huawei
	Option 1B is fine

	China Telecom
	We are fine with the recommended WF.

	ZTE
	For phase I , we are ok with option 1B.

	Ericsson
	Minor performance difference is observed.
We are fine with the recommended WF.

	MediaTek
	We are fine with Option 1B as suggested in the recommended WF.

	Nokia, Nokia Shanghai Bell
	We support Option 1B. We see situations where gNB might select random precoder, especially in coverage where noise is predominant over interference.

	Apple2
	We are not in favor of using random precoding for any rank combination, because we are introducing interference at the gNB itself which doesn’t seem reasonable in a practical deployment. Moreover, using the metric of gain vs baseline is not a good reason to adopt random precoding, as it is expected that we would see larger gains with R-ML receiver with random precoder since we are introducing interference in the TX. 
To Nokia: We are not considering noise predominant conditions with the MCS we are targeting in the study phase in our understanding.

	Ericsson
	From our evaluations, the performance difference between these two methods is minor. 
Since there will be only one precoding method selected, we prefer to choose it in this meeting to save simulation effort.

	CTC
	We see majorities view is to select random precoding for rank 1 case.
Can Apple compromise with using random for rank 1? If not, the above may be the only solution for this meeting.

	Huawei
	We are OK to focus on Random PMI for Rank 1 case

	Apple
	To reduce simulation effort, we are fine with rank 1 with random precoder in Phase 1. We can discuss this for requirements definition/ Phase 2.
For the precoder for co-scheduled UE, are we the only company that is not ok with random for rank 1? Is this for Phase 1 evaluation only or does that imply requirements are also defined with random PMI?

	Huawei
	Our understanding is that this is only for Phase I evaluation and is no relevant to Phase II requirements definition. Right?

	CTC
	As I review the second round comment, it seems that companies are ok with using random PMI for rank 1+1 for phase I study. Same with other parameters, this assumption is for phase I only, I can update the WF as following to try to clarify:
Issue 2-1-8: Precoder selection target and co-scheduled UEs
–	For phase I study 
o	For rank 1+1: Random PMI selection
o	For rank 2+2: Orthogonal PMI selection




Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
Candidate options:
· Option 1: Cover both scenario 1 and scenario 2 in the phase I study (China Telecom, Nokia, Intel, [Nokia])
· Option 1A: Consider the following scenario for the study of R-ML and E-IRC with blind detection to the required information (China Telecom)
· 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 (Intel):
	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 (Nokia) 
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~26 allocation.
· Option 2: Only consider scenario 1 (Huawei, Qualcomm, MTK, Ericsson, Apple)
· Option 3: FFS based on the conclusion for Issue 1-2-2-8 (Samsung, China Telecom)
Recommendations for 2nd round:
· FFS based on the discussion outcome in the NWA part.

	Company
	Comments

	Huawei
	please further clarify what does scenario 1 mean



Topic #3: TP work split
	TP to TR38.878 on
	Responsibility

	Scenario and interference modelling
	MediaTek

	Receiver structure
	ZTE

	Analysis on the required information
	Intel

	Parameters for link level evaluation
	Huawei

	Link level simulation results
	Ericsson

	Summary of link level evaluation
	Nokia

	Conclusions
	China Telecom


Note: According to the work plan, these TPs will be approved in RAN4#108 in Aug 2023.
Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	WF on advanced receiver for MU-MIMO scenario
	China Telecom
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2304107
	
	On Advanced Receivers - Receiver assumption
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304108
	
	On Advanced Receivers - Test parameters
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304109
	
	Advanced Receivers - Simulation results
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304138
	
	On advanced receiver to cancel intra-user interference for MU-MIMO
	Apple
	Noted
	

	R4-2304139
	
	On test parameters and simulation results for MU-MIMO
	Apple
	Noted
	

	R4-2304253
	
	Views on the advanced MU-MIMO receiver assumptions
	Intel Corporation
	Noted
	

	R4-2304254
	
	Initial simulation results of advanced receivers for MU-MIMO
	Intel Corporation
	Noted
	

	R4-2304359
	
	MU-MIMO discussion
	Qualcomm, Inc.
	Noted
	

	R4-2304669
	
	Discussion on MU-MIMO receiver assumption
	ZTE Corporation
	Noted
	

	R4-2304670
	
	Discussion on MU-MIMO test parameters and simulation results
	ZTE Corporation
	Noted
	

	R4-2304684
	
	Discussion on the receiver assumptions for the advanced receiver for MU-MIMO
	China Telecom
	Noted
	

	R4-2304685
	
	Discussion on the phase I study assumptions for the advanced receiver for MU-MIMO
	China Telecom
	Noted
	

	R4-2304686
	
	Phase I study for the advanced receiver for MU-MIMO: simulation results
	China Telecom
	Noted
	

	R4-2304687
	
	Simulation result collection for advanced receiver for MU-MIMO
	China Telecom
	Return to
	For companies to further update the results if any.

	R4-2304902
	
	discussion on MU-MIMO receiver assumption
	Samsung
	Noted
	

	R4-2305119
	
	Discussion on Advanced receiver to cancel inter-user interference for MU-MIMO
	MediaTek inc.
	Noted
	

	R4-2305468
	
	Discussions on advanced receiver for MU-MIMO
	Huawei,HiSilicon
	Noted
	

	R4-2305470
	
	Simulation results on advanced receiver for MU-MIMO
	Huawei,HiSilicon
	Noted
	

	R4-2305658
	
	On the receiver assumption of intra-cell inter-user interference cancellation
	Ericsson
	Noted
	

	R4-2305659
	
	On the left open issues and parameter assumptions for intra-cell inter-user interference cancellation
	Ericsson
	Noted
	

	R4-2305660
	
	Simulation results for phase I study of intra-cell inter-user interference cancellation
	Ericsson
	Noted
	




Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	R4-2304687
	
	Simulation result collection for advanced receiver for MU-MIMO
	China Telecom
	Noted
Add the following in the chairman note:
Further alignment on the simulation results is needed.
	

	R4-2305914
	
	WF on advanced receiver for MU-MIMO scenario
	China Telecom
	Agreeable
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the actual
number of front-loaded DM-RS symbol(s), the actual number of additional DM-RS, the DM-RS symbol location, and
DM-RS configuration type as described in Clause 7.4.1.1 of [4, TS 38.211].
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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. -
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- ifa UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, l 10,11
or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or

- ifa UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11
or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS
38.212], or

- ifa UE is scheduled with two codewords,
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