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[bookmark: _Hlk127887180]This tdoc summarizes the WI work plan, TR skeleton and the open issues for advanced receiver for MU-MIMO under NR_demod_enh3 WI in agenda 9.18 and 9.18.1.
[bookmark: _Hlk127901270]Topic #1: The work plan and the TR skeleten
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300127
	China Telecom
	TR skeleton (V0.0.1) for advanced receiver to cancel inter-user interference for Multiple-User Multiple-Input Multiple-Output (MU-MIMO)

	R4-2300128
	China Telecom
	Work plan for NR demodulation performance evolution WI



Topic #2: Advanced receiver for MU-MIMO
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300130
	China Telecom
	Proposal 1: UE with E-IRC/R-ML should be acknowledged the presence of MU-MIMO transmission. To obtain such information, RAN4 to discuss whether UE can assume the potential presence of co-scheduled UEs on all the unallocated DMRS ports and perform energy detection.
Observation 1: The NW is highly likely to configure the same scrambling IDs for all UEs. And it is also aligned with the agreement we made in the Rel-17 MMSE-IRC test set up.
Proposal 2: UE with E-IRC/R-ML should be acknowledged the DMRS sequence information for the co-scheduled UEs. UE can assume the DMRS sequences for all co-scheduled UEs are same with that of the target UE.
Proposal 3: UE with E-IRC/R-ML should be acknowledged the DMRS port configuration information for the co-scheduled UEs. To obtain such information, RAN4 to discuss whether UE can perform channel estimation for each unallocated DMRS port.
Observation 2: 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 4: UE with R-ML should be acknowledged the modulation order information for each co-scheduled layer. RAN4 to discuss whether the UE could obtain such information by detection methods.
Proposal 5: 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, and the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE.
Observation 3: In the real network, BS could allocate different PRBs specifically for each UE, considering the different traffic load and channel condition..
Observation 4: For SU-MIMO scenario, within each PRG, the UE can simply assume same precoding matrix is used and perform estimation to its own channel. However, such assumption may not be valid for the IUI due to unaligned PRG or different PRB allocation for the target and co-scheduled UEs.
Proposal 6: Consider in frequency domain uneven IUI caused by different PRB allocation and unaligned PRG in the phase I study. RAN4 to discuss whether this issue could be solved by UE performing per PRB detection to the co-scheduled UE.
Proposal 7: For phase I study, in addition to the Prel-17 assumption, it is proposed to also consider 3 co-scheduled layers.
Proposal 8: For phase I study, assume more than 1 co-scheduled UEs and cover QPSK, 16QAM and 64QAM for the co-scheduled layers.
Proposal 9: For phase I study, evaluate the following cases:
-	Rank 1+1: 16QAM for the co-scheduled UE1
-	Rank 1+3: QPSK/16QAM/64QAM for co-scheduled UE 1~3
-	Rank 2+2: QPSK/16QAM for co-scheduled UE 1~2
Proposal 10: For phase I study, consider the following scenarios in terms of PDSCH resource allocation
-	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.
Proposal 11: For phase I study, consider both E-IRC and R-ML receivers, fine to select only one for phase II requirement definition based on the phase I conclusion.
Proposal 12: Evaluate the performance for UE both need and need not to detect the following required information:
-	For E-IRC: presence of MU-MIMO transmission, DMRS port configuration information
-	For R-ML: presence of MU-MIMO transmission, DMRS port configuration information, co-scheduled modulation order information
Proposal 13: Reuse the SNR @ %70 of maximum throughput as the phase I evaluation metric and use the MMSE-IRC receiver as the baseline.
Proposal 14: For the other parameters, reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 as a start point.

	R4-2300256
	Apple
	Observation #1: In Rel-17 study phase for inter-UE interference mitigation for MU-MIMO some configurations were not suitable for MMSE-IRC receiver.
Proposal #1: For Rel-18 study, use scenarios that were unsuitable for MMSE-IRC receiver as the starting point. 
Proposal #2: Use the following assumptions for inter-user interference modeling 
- Number of paired UEs: 2 (1 target + 1 co-scheduled UE)
- Rank: 2+2 (Target UE 2, co-scheduled UE 2). With DMRS ports of target and co-scheduled UE in different CDM groups
- Antenna configuration: 4x4 
- Antenna Correlation Model: ULA Low, ULA Med-A, XP-Med
- Codebook Type: Type 1 single panel CB
- Precoding granularity: 2 for both target and co-scheduled UE
- PMI for target UE: Random with precoding granularity 2 PRB
- PMI for co-scheduled UE: Select the PMI matrix of Co-scheduled UE such that PMI of co-scheduled and target UE are orthogonal. Precoding granularity of 2
Proposal #3: For study phase with advanced receiver start with the following scenarios for evaluation: 
	- MCS 13 (16QAM), 19 (64QAM)
	- Channel Model: TDLA30-10, TDLC300-100
Proposal #4: Use gain of advanced receiver over MMSE-IRC as evaluation criteria. 
Observation #2: For E-MMSE-IRC receiver we need the DMRS parameters of the co-scheduled UE(s) for channel estimation.
Observation #3: For R-ML receiver we need DMRS parameters for channel estimation, modulation order of the co-scheduled UE(s). 
Observation #4: The DMRS parameters needed for channel estimation of co-scheduled UE include
- DMRS ports
- DMRS scrambling ID
- Precoding granularity
Observation #5: The target UE also needs to know the PDSCH allocation of the co-scheduled UE in case it is not the same. 
Proposal #5: For the study phase, we agree on the parameters of the co-scheduled UE needed for the advanced receiver and assume that they are available at the UE via assistance signaling.

	R4-2300482
	Intel Corporation
	Proposal 1: Reuse existing simulation assumption and scenario in Rel-17 TR 38.833 as a base line except receiver operation and the required signalling assumptions. For R-ML type receiver, investigate performance for additional modulations for interfering layer. Investigate scenarios with aligned and non-aligned RB allocations between desired UE and co-scheduled UE for advanced receiver
Observation 1: Unlike MMSE-IRC receiver, E-MMSE-IRC requires channel estimates for all co-scheduled UEs and respectively information on co-scheduled UE’s DMRS (antenna ports, REs, sequence).
Observation 2. The maximum allowed number of ports allocated to other users can be inferred by DCI information.
Observation 3. The DMRS sequence initialization field, nSCID ∈ {0, 1} in DCI format 1_1 brings up uncertainty on other user’s DMRS signals especially when FDM-wise DMRS multiplexing between co-channel users.
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 2: Assume the followings on DMRS signals for the channel estimation of co-channel users in advanced receiver.
1) DMRS parameters in DMRS-DownlinkConfig are aligned for co-scheduled UEs
2) UE is assumed to detect the presence of co-scheduled UEs
3) PAPR favourable nSCID assignment as described in Observation 4
Observation 5: R-ML requires additional information on modulation order on top of information required for E-MMSE-IRC.
Proposal 3: Study performance gains of advanced E-MMSE-IRC and R-ML receivers over baseline MMSE-IRC receiver under the assumption of full signalling of required parameters (i.e., genie-aided receivers). 
Proposal 4: Study the performance E-MMSE-IRC and R-ML receivers under assumption of blind detection of all or a sub-set of required parameters.
Proposal 5: Study the need and details of additional network assistance required to facilitate advanced receiver operations.

	R4-2300702
	Nokia, Nokia Shanghai Bell
	Reference Receivers
Observation 1: E-MMSE-IRC receiver for MU-MIMO requires knowledge of interference parameters including DMRS antenna ports and sequence, power ratio of interference layers to own layers and the existence of interference layers. These were also identified in RAN1 LTE MU-MIMO study [TR 36.859].
Observation 2: R-ML receiver for MU-MIMO requires additional knowledge of interference layers modulation order along with other parameters needed for E-MMSE-IRC receiver.
Proposal 1: For simulation alignment, the target UE shall assume that interference UEs, if present, have same PDSCH resource allocation as its own PDSCH.
Signaling overhead
Proposal 2: Blind detection of existence of interference, power ratio to own PDSCH, DMRS antenna ports, and modulation order shall be studied before deciding the required signalling. Detection shall be either based on full set of parameters or a subset of signaled parameters.
Interference Modelling
Observation 3: Interference model for existing intracell inter user interference requirements can be used as baseline for enhanced receivers because the observed performance gain is significant.
Observation 4: Additional requirements for unequal amount of power and/or layers allocated to the interference and target UEs can be considered with the enhanced receivers.
Proposal 3: Define the interference model with unequal power and/or layers allocated to the co-scheduled UEs
Performance Gain
Observation 5: E-MMSE-IRC and R-ML receivers can achieve significant gain of up to 2.3dB over baseline MMSE-IRC. Difference in performance between R-ML, E-MMSE-IRC is < 1 dB in both 2 Rx and 4Rx scenarios
Proposal 4: Requirements based on one or both of these receivers (E-MMSE-IRC and R-ML) shall be defined as there is a significant performance gain as compared to baseline receiver.
Observation 6: Performance gain of both of these receivers is higher with medium antenna correlation configuration as compared to low antenna correlation configuration. Difference between R-ML and E-MMSE-IRC receivers gain is much larger (3 dB or more) when using ULA Medium antenna correlation.
Observation 7: Only R-ML can achieve 70% throughput in 4Tx4Rx medium antenna correlation for Rank 2+2, Rank1+1 scenarios.
Proposal 5: ULA Medium antenna correlation shall be used for defining advanced receiver requirements because gain over baseline receiver is much higher with this configuration.
Proposal 6: Further study both receivers to define requirements using medium antenna correlation.

	R4-2300837
	Qualcomm, Inc.
	Observation 1: The arbitrary modulation order combinations across interfering layers can lead to prohibitively large search space for composite hypotheses testing in the R-ML receiver before interference cancellation based demodulation.
Proposal 1: Introduce following network assistant signaling to significantly reduce the search space for interference modulation order combinations across interfering layers and enable R-ML receiver implementation:
•	Which MCS index table(s) are used for PDSCH of the co-scheduled UEs
•	Number of co-scheduled UEs in each slot on each RB
Observation 2: Since the interference detection is per slot based on reference signal, whether/which of the PDSCH symbols in a slot experience consistent interference is the required information to implement R-ML receiver.
Proposal 2: 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
Observation 3: RRC and MAC-CE signaling can be good candidates for the proposed network assistant signaling to maintain reasonable network overhead and UE blind decoding complexity. Optimization on the signaling definition and design can be further discussed to capture the essential grant based information by MAC-CE signaling. 
Observation 4: R17 MU-MMIMO tests simulation assumptions have one co-scheduled UE with matching PDSCH allocation, aligned scrambling sequence and 256QAM MCS table.
Proposal 3: Use R17 simulation assumptions as a starting point for R18 MU-MIMO alignment.

	R4-2301017
	Ericsson
	Observation 1: To perform E-MMSE-IRC for MU-MIMO inter-user interference mitigation, UE need to know DMRS port number(s) and DMRS sequence(s) allocated for co-scheduled UE(s). 
Observation 2: To perform R-ML for MU-MIMO inter-user interference mitigation, the UE needs to know DMRS port number(s), DMRS sequences(s), and PDSCH modulation order(s) allocated for co-scheduled UE(s). 
Observation 3: Configuring MCS13, 1+1 rank combination, TDLC300-100 and 2x2 low, E-MMSE-IRC can have 1.0dB gain to the baseline, and the R-ML can have 1.3dB gain to the baseline
Observation 4: Configuring MCS13, 1+1 rank combination, TDLC300-100, 2x2 medium, E-MMSE-IRC can have 1.2dB gain to the baseline, and the R-ML can have 2.1dB gain to the baseline
Observation 5: Configuring medium antenna correlation for the case with MCS13, 1+1 rank combination, 2Rx and TDLC300-100 can have larger gain from both two advanced receivers to the baseline
Observation 6: For 1+1 rank combination, with medium correlation, R-ML receiver can have more gain in comparison to E-MMSE-IRC receiver
Observation 7: Configuring MCS4 with 2+2 rank combination, TDLA30-10 and 4x4 low can also show 2.0 gain for E-MMSE-IRC receiver and 3.1 gain for R-ML receiver
Proposal 1: In the WI phase I, RAN4 evaluates MU-MIMO inter-user interference mitigation performance using R-MMSE-IRC and R-ML receivers with the following assumption:
•	For E-MMSE-IRC receiver, UE knows DMRS port number(s) and DMRS sequence(s) allocated for co-scheduled UE(s).
•	For R-ML receiver, UE knows DMRS port number(s), DMRS sequences(s), and PDSCH modulation order(s) allocated for co-scheduled UE(s).
RAN4 discuss further how UE knows the information in Phase II after RAN4 decides the candidate receiver(s). 
Proposal 2: Reuse the Rel-17 intra-cell inter-user interference cancellation assumption for interference UE modulation: Ramdom 16QAM symbols
Proposal 3: Evalute MCS13 and MCS4 of the target UE to see the performance in phase I
Proposal 4: Only consider 2Tx and 4Tx for antenna configuration for phase I study, and down select if needed based on the simulation results 
Proposal 5: Consider 1+1 (1 target UE plus 1 interference UE) for paired UE model 
Proposal 6: Consider rank combination: 1+1 for 2Rx/4Rx UE and rank combination: 2+2 for 4Rx UE, for simulation for phase I study
Proposal 7: Consider different CDM group (DMRS port 1000/1001 for target UE, 1002/1003 for interference UE) for rank combination: 2+2 scenario and same CDM group (DMRS port 1000 for target UE, 1001 for interference UE) for rank combination: 1+1 scenario
Proposal 8: Reuse Rel-17 precoder selection method
Proposal 9: Consider proposed general parameter configurations and test cases for phase I study

	R4-2301051
	ZTE Corporation
	Observation 1: For R-ML receiver, includes sphere detection(SD) and QR-MLD, etc. Both of them have different complexity.
Proposal 1: Interference modeling could be same as MMSE-IRC receiver of R-17 MU-MIMO.
Proposal 2: Proposal to use the following structure for E-MMSE-IRC receiver :
W_(RX,1) (k,l)=H ̂_1^H (k,l)R^(-1)
[image: ]
Observation 2: Extra network assistance signalling couldn’t needs to be considered.
Proposal 3: Proposal to reuse R-17 MU-MIMO simulation assumptions.
Observation 3: The performance of the E-MMSE-IRC has a gain of more than 1 dB compared with the MMSE-IRC in 2x2 case. And the performance of the R-ML has a gain of more than 1 dB compared with the MMSE-IRC.

	R4-2301862
	MediaTek inc.
	Observation #1: MU-MIMO advanced receiver needs knowledge of scrambling IDs of co-scheduled UEs.
Proposal #1: Scrambling IDs of co-scheduled UEs are signalled with assistance information to UE or alternatively target UE is allowed to assume the same scrambling ID as its own.
Observation #2: MU-MIMO advanced receiver needs knowledge of frequency and antenna port allocations of co-scheduled UEs. Without any assistance information from network this would be huge estimation effort for target UE.
Proposal #2: Introduce assistance information of frequency and antenna port allocations of co-scheduled UEs.
Proposal #3: Introduce assistance information to indicate co-scheduled UEs in the current slot for usefulness of advanced receiver.
Observation #3: MU-MIMO advanced receiver needs knowledge of PDSCH modulation of co-scheduled UEs. Without any assistance information from network this would be huge estimation effort for target UE.
Proposal #4: Introduce assistance information of PDSCH modulation of co-scheduled UEs.
Observation #4: MU-MIMO advanced receiver IC gain is larger when precoding/beamforming is done poorly.
Observation #5: MU-MIMO advanced receiver IC gain is larger when co-scheduled UE PDSCH modulation order is lower than target UE PDSCH modulation order.
Proposal #5: Introduce Rel-18 advanced receiver MU-MIMO Rank 1 and Rank 2 tests using co-scheduled UE PDSCH modulation order lower thank target UE PDSCH modulation order.
Proposal #6: Introduce Rel-18 advanced receiver MU-MIMO Rank 2 tests using non-orthogonal precoders.

	R4-2302173
	Huawei, HiSilicon
	Interference modelling: 
Observation 1:  Performance of MMSE-IRC is susceptible to large selective fading propagation conditions due to the inaccuracy of interference+ noise covariance matrix estimation.
Observation 2: MMSE-IRC/E-MMSE-IRC are agnostic and robust to modulation order but RML is susceptible to modulation order of both serving UE and co-scheduled UE, 64QAM and 256QAM make it complex for target UE to perform constellation traversal and performance degradation can be observed with simplified algorithm.
Proposal 1: Consider following configurations for evaluation in Phase I:
	Number of co-scheduled UE:
	1
	Rank allocation:
	Rank 1+1: Serving UE: Port 1000, co-scheduled UE: Port 1001. Number of DMRS CDM groups without data for both UEs: 1
	Rank 2+1: Serving UE: Port 1000 and 1001, co-scheduled UE: Port 1002. Number of DMRS CDM groups without data for both UEs: 2
	Rank 2+2: Serving UE: Port 1000 and 1001, co-scheduled UE: Port 1002 and 1003. Number of DMRS CDM groups without data for both UEs: 2
	Rank 1+3: Serving UE: Port 1000, co-scheduled UE: Port 1001, 1002 and 1003. Number of DMRS CDM groups without data for both UEs: 2
	Antenna configuration
	Rank 1+1: ULA medium
	Rank 2+1: ULA medium A
	Rank 1+3 and Rank 2+2: ULA Low 
	Propagation conditions 
	TDLC300-100
	PMI selection
	Type I single panel codebook for target UE.
	PMI selection
-	Option 1: Select PMI to ensure the precoding matrix of serving UE and co-scheduled UE are orthogonal.
-	Option 2: Select PMI to ensure the any column of precoding matrix of serving UE is not equal to any column of co-scheduled UE.
	Consider PMI selection option 1 as 1st priority in Phase II, PMI selection option 2 is only considered when performance gain for PMI selection option 1 is not enough to define requirements.
	Scrambling ID
	Apply Rel-18 advanced receiver to the scenario that only same scrambling IDs are scheduled for serving UE and co-scheduled UE(s) and not to consider different scrambling ID.
	MCS
	MCS13 for serving UE and 16QAM random symbol for co-scheduled UE
	Bandwidth/SCS: 
	10MHz/15kHz for FDD and 40MHz/30kHz for TDD
	PDSCH configuration 
	Type A PDSCH mapping with starting symbol 2 and duration 12
	DMRS configuration 
	DMRS Type 1 with 1+1
	TDD pattern: 
	7D1S2U, S=6D+4G+4U
Receiver assumptions: 
Proposal 2:  RAN4 should focus on RML receiver with ML algorithm applied for both serving layer(s) and interference layer(s).  Meanwhile, RAN4 should study how to introduce network signalling to help UE reduce the modulation order blind detection complexity.
Proposal 3: RAN4 defines performance requirements for Rel-18 advanced receiver assuming that all scheduled DMRS ports have same QCL assumptions
Proposal 4: Discuss whether same DMRS power boosting configured for paired UE is typical scenario.
Network signalling
Observation 3: Introducing the signalling to indicate modulation order information of interference UE can greatly reduce the UE implementation complexity and improve the RML performance especially for case with high interference layers.
Proposal 5: Use DCI as the network signalling to indicate the modulation order of interference UE as 1st priority and the details can be further discussed. Other information such as port number, PRB bundling size, frequency/time resource and DMRS power boosting can be further discussed. Meanwhile, the granularity of the signalling should be designed for the whole bandwidth of serving UE considering the overhead limitation.
Initial simulation results
Observation 4:
	RML and E-MMSE-IRC have performance gain over MMSE-IRC receiver for all cases with TDLC300-100
	RML receiver has performance gain over E-MMSE-IRC for all cases 
	For RML receiver, performance degradation can be observed for blind detection, the more interference layers allocated, the larger degradation.
Proposal 7: Define R-ML performance requirements that ML algorithm is applied for both serving layer(s) and interference layer(s) with network signalling assistance.



Open issues summary
The agreed objectives in the revised WID in RP-222300:
	· Evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO
· Phase I: Study the performance gain, reference receiver assumption, interference modeling, 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 
· Phase II (if any pending on the conclusion for phase I): 
· Specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver
· Note: As baseline, performance requirements shall be specified under single reference receiver assumption. This baseline can be revisited at RAN #100 if necessary.



Sub-topic 1: Reference receiver assumptions
Issue 1-1: Reference receiver assumption for E-MMSE-IRC
· Proposals:
· Option 1: (Intel, China Telecom, Nokia, Ericsson, [Huawei, ZTE])

,
 .
· Recommended WF
· Check whether option 1 can be agreed?

Issue 1-2: Reference receiver assumption for R-ML
· Proposals:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell (China Telecom, Intel, Nokia, [Ericsson])
· Option 2: UE perform RML algorithm for serving layer(s) + x interference layer(s) (Huawei)
· HW: 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 (QC)
· Recommended WF
· Check whether option 1 can be agreed?

Issue 1-3: Reference receiver for phase I simulation
· Proposals:
· Option 1: Consider both E-IRC and R-ML receivers (China Telecom, Intel, Nokia, Ericsson)
· CTC: fine to select only one for phase II requirement definition based on the phase I conclusion
· Nokia: Requirements based on one or both of these receivers shall be defined.
· Option 2: Focus on R-ML receiver (Huawei, [MTK])
· Recommended WF
· Is it agreeable to cover both E-IRC and R-ML receivers in Phase I, and select R-ML as the single reference receiver for phase II? 

Sub-topic 2: Interference modeling and simulation assumptions for Phase I
Issue 2-1: The number of co-scheduled UEs
· Proposals:
· Option 1: Reuse Rel-17 MMSE-IRC assumption, i.e., 1 co-scheduled UE (Intel, Qualcomm, Ericsson, ZTE, Huawei, Apple)
· Option 2: Assume 1, 2 and 3 co-scheduled UEs (China Telecom)
· Recommended WF
· Is the following proposal agreeable?
· Cover 1 co-scheduled UE for phase I 
· Cover 2 co-scheduled UEs for the initial simulation in phase I, and further discuss whether to de-prioritize this case based on simulation results

Issue 2-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
· Proposals on ‘number of rank for target UE + number of rank for co-scheduled UE’:
· Option 1: Rank 1+1 (China Telecom, Huawei, Qualcomm, Ericsson, ZTE, Intel, [MTK])
· Option 2: Rank 1+3 (China Telecom, Huawei)
· Option 3: Rank 2+1 (Huawei, Intel)
· Option 4: Rank 2+2 (China Telecom, Huawei, Qualcomm, Ericsson, ZTE, Intel, [MTK], Apple)
· Recommended WF
· At least cover Option 1 and Option 4 for initial simulation in Phase I
· Further discuss whether to cover Option 2 and/or Option 3

Issue 2-3: Rank allocation for the target and co-scheduled UEs, with 2 co-scheduled UEs
· Proposals on ‘number of rank for target UE + number of rank for the 1st co-scheduled UEs  + number of rank for the 2nd co-scheduled UEs’:
· Option 1: Rank 1+1+1 (China Telecom)
· Recommended WF
· TBA

Issue 2-4: DMRS port configurations for the target and co-scheduled UEs
· Proposals:
· Option 1: (Ericsson, Apple)
· Consider different CDM groups for rank 2+2 (Apple)
· The same CDM group for rank 1+1
· Recommended WF
· Use different CDM groups for rank 2+2
· Discuss whether to use the same and/or different CDM groups for rank 1+1
· Further discuss for other possible rank combinations

Issue 2-5: DMRS sequence for the co-scheduled UE
· Proposals:
· Option 1: Same with the target UE (Huawei)
· Recommended WF
· While whether Option 1 is always valid is to be discussed in Issue 3-1-2, can we agree to use option 1 for initial simulation in phase I?

Issue 2-6: MCS for the target UE
· Proposals:
· Option 1: Reuse the Rel-17 MMSE-IRC phase I assumption, i.e., MCS 4 and 13 for rank 1, MCS 13 and 19 for rank 2 (China Telecom, Intel)
· Option 2: MCS 13 and 19 for rank 2 (Apple)
· Option 3: MCS 13 for rank 1 and rank 2 (Qualcomm, ZTE, Huawei)
· Option 4: Cover MCS 13 and MCS 4 (Ericsson)
· Recommended WF
· 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

Issue 2-7: Modulation order for the co-scheduled UE
· Proposals:
· Option 1: Investigate performance for additional modulations for interfering layer (China Telecom, Intel):
· Option 1A: Cover QPSK, 16QAM and 64QAM for the co-scheduled layers (China Telecom)
· Rank 1+1: 16QAM for the co-scheduled UE1
· Rank 1+3: QPSK/16QAM/64QAM for co-scheduled UE 1~3
· Rank 2+2: QPSK/16QAM for co-scheduled UE 1~2
· Option 2: Reuse Rel-17 MMSE-IRC assumption, i.e., random 16QAM modulation (Qualcomm, Ericsson, ZTE, Huawei)
· Option 3: Lower than that of the target UE (MTK)
· Recommended WF
· Use 16QAM for E-IRC, and further discuss for R-ML

Issue 2-8: Antenna configuration
· Proposals:
· Option 1: Reuse the Rel-17 MMSE-IRC assumption, i.e., cover 2T2R, 2T4R, and 4T4R (China Telecom, Intel, Qualcomm, [Ericsson], ZTE)
· Option 2: 4T4R (Apple)
· Recommended WF
· Can we agree option 1?

Issue 2-9: Channel model
· Proposals:
· Option 1: Reuse the Rel-17 MMSE-IRC phase I assumption, i.e., cover TDLA30-10 and TDLC300-100 (Apple, China Telecom, Intel)
· Option 2: For rank 1+1: TDLC300-100, For rank 2+2: TDLA30-10 (Qualcomm, ZTE)
· Option 3: Only consider TDLC300-100 (Huawei)
· Recommended WF
· Can we agree the following proposal for initial simulation in Phase I?
· Use TDLC300-100 when the rank of the target UE is 1
· Use TDLA30-10 when the rank of the target UE is 2
	
Issue 2-10: Antenna correlation 
· Proposals:
· Option 1: Reuse the Rel-17 MMSE-IRC assumption, i.e., ULA Low (China Telecom, Intel, Qualcomm, ZTE)
· Option 2: Cover ULA Low, ULA Med-A, XP-Med (Apple)
· Option 3 (Huawei)
· Rank 1+1: ULA medium (which is the same antenna with that of Rel-15 RML test with Rank2)
· Rank 2+1: ULA medium A (which is the same antenna with that of Rel-15 RML test with Rank3)
· Rank 1+3 and Rank 2+2: ULA Low
· Option 4: ULA Medium (Nokia)
· Nokia: gain over baseline receiver is much higher with this configuration
· Recommended WF
· For initial simulation in Phase I, in order to cover the different correlation levels while limiting the number of simulation cases, is it possible to consider different antenna correlations in different cases, e.g., Option 3?

Issue 2-11: PDSCH resource allocation for the target and co-scheduled UE
· Proposals:
· Option 1: (China Telecom, Intel) consider the following scenarios in terms of PDSCH resource allocation
· Scenario 1: Maximum transmission bandwidth configuration for all UEs.
· Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.
· Full OFDM symbol allocation for both scenarios.
· Option 2: Reuse Rel-17 MMSE-IRC assumption, i.e., full PRB and full OFDM symbol resource allocation for all UEs (the same as scenario 1 in Option 1) (Apple, Qualcomm, ZTE)
· Recommended WF
· For initial simulation in phase I, cover scenario 1, further discuss whether to cover scenario 2

Issue 2-12: Precoder selection target and co-scheduled UEs
· Proposals:
· Option 1: Using non-orthogonal precoders for Rank 2 tests (MTK, Apple)
· Option 2: (Huawei)
· Single panel Type 1
· Random PMI selection for the target UE
· Cover both orthogonal and random PMI selection for the co-scheduled UE in phase I
· Option 3: (Ericsson) 
· Single panel Type 1 
· Random PMI selection for the target UE per PRB bundling size per slot
· For interference UE:
· For case with rank 1+1: Random PMI selection
· For case with rank 2+2: Orthogonal PMI selection
· Recommended WF
· Can we agree option 2 for initial simulation in Phase I, and down-select later based on the simulation results?

Issue 2-13: QCL assumptions 
· Proposals:
· Option 1: Assume all scheduled DMRS ports have same QCL assumptions (Huawei)
· Recommended WF
· TBA

Issue 2-14: Assumptions on the required information
· Proposals:
· Option 1 (China Telecom, Intel): Study performance of advanced receivers under:
· The assumption of full signalling of required parameters and
· The assumption of blind detection of all or a sub-set of required parameters
· Option 2: Assume the needed parameters of the co-scheduled UE are all available (Apple, Ericsson)
· E///: RAN4 discuss further how UE knows the information in Phase II after RAN4 decides the candidate receiver(s).
· Recommended WF
· For initial simulation in Phase I, assume the needed parameters of the co-scheduled UE are all available.
· Meanwhile, discuss in parallel on the potential ways of obtaining each of the needed parameters as in Sub-topic 3.

Issue 2-15: Evaluation metric
· Proposals:
· Option 1: The SNR @ %70 of maximum throughput as the phase I evaluation metric and use the MMSE-IRC receiver as the baseline (China Telecom, Apple, Intel, Nokia, [Qualcomm], Ericsson)
· Recommended WF
· Agree option 1.

Issue 2-16: Other parameters and assumptions
· Proposals:
· Option 1: Reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 as a start point. (China Telecom, Apple, Intel, Qualcomm, ZTE, Huawei)
· Recommended WF
· Option 1 as start point?

Sub-topic 3: Discussion on the required information
Sub-topic 3-1: Information required for both E-MMSE-IRC and R-ML
Issue 3-1-1: The presence of co-scheduled UE
· Proposals on whether this information is needed:
· [bookmark: _Hlk127895542]Option 1: UE should know the presence of MU-MIMO transmission (China Telecom, Intel, Nokia, MTK)
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied (China Telecom, Nokia, Intel, QC)
· Option 2: By assistant information signalling (MTK)
· Recommended WF
· Agree the presence of MU-MIMO transmission is needed for both E-IRC and R-ML. 
· Discuss how could be obtained by the UE.

Issue 3-1-2: The DMRS sequence information for the co-scheduled UE
· Proposals on whether this information is needed:
· Option 1: UE should know the DMRS sequence information for the co-scheduled UEs (China Telecom, Apple, Intel, Nokia, Ericsson, MTK, Huawei, [Qualcomm])
· [bookmark: _GoBack]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 (China Telecom, MTK, Huawei)
· Option 2: Blind detection should be studied (Nokia, Intel - on nSCID)
· Intel: 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 (MTK, Qualcomm - on whether the scrambling sequences are aligned, Intel - on nSCID)
· QC: Assistant information on whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs
· Recommended WF
· Agree the DMRS sequence information for the co-scheduled UE is needed for both E-IRC and R-ML.
· Discuss how could be obtained by the UE.

Issue 3-1-3: The DMRS port information for the co-scheduled UE
· Proposals on whether this information is needed:
· Option 1: UE should know the DMRS port information for the co-scheduled UEs (China Telecom, Apple, Intel, Nokia, Ericsson, MTK)
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied (China Telecom, Nokia, QC)
· Option 2: By assistant information signalling (MTK)
· Recommended WF
· Agree the DMRS port configuration information for the co-scheduled UE is needed for both E-IRC and R-ML.
· Discuss how could be obtained by the UE.

Issue 3-1-4: 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 (Apple, MTK, China Telecom)
· MTK: PRB bundle size of the co-scheduled UE is assumed to be the same as target UE bundle size, but this is not guaranteed by specification when UEs are allocated in different CDM groups
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection. (China Telecom)
· Recommended WF
· Discussion is needed.

Issue 3-1-5: DMRS power boosting for the co-scheduled UE
· Proposals:
· Option 1: Discuss whether same DMRS power boosting assumed for paired UE is typical scenario (Huawei)
· Huawei: With the number of DM-RS CDM groups without data = 1 for the target UE, UE can’t know the DMRS power boosting value of co-scheduled UEs (the number of DM-RS CDM groups without data could be 1 or 2 for the co-scheduled UE)
· Recommended WF
· Discuss whether it is common for the NW to configure different ‘Number of DM-RS CDM groups without data’ for the UEs, which leads to different ‘ratio of PDSCH EPRE to DMRS EPRE’ between target and co-scheduled UEs according to Table 4.1-1 in TS 38.214.

[bookmark: _Hlk127812799]Issue 3-1-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Proposals on whether this information is needed:
· Option 1: UE should know the transmission power ratio of co-scheduled users PDSCH to own PDSCH (Nokia)
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied (Nokia)
· Recommended WF
· Discussion is needed.

Issue 3-1-7: 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)
· Option 2: UE needs to know the time domain allocation in case it is not the same with the target UE (Apple)
· Option 3: Assistant signalling should be introduced (Qualcomm)
· 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
· Discussion is needed.

Issue 3-1-8: 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, Apple, [Nokia])
· Option 2: UE needs to know the frequency domain allocation in case it is not the same with the target UE (Apple)
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection (China Telecom)
· Option 2: UE shall assume that interference UEs have same PDSCH resource allocation as its own PDSCH (Nokia)
· Option 3: By assistant information signalling (MTK)
· Recommended WF
· Discussion is needed.

Sub-topic 3-2: Additional information required for R-ML
Issue 3-2-1: The modulation order information of the co-scheduled UE
· Proposals on whether this information is needed:
· Option 1: UE with R-ML should know the modulation order information for each co-scheduled layer (China Telecom, Apple, Intel, Nokia, Qualcomm, Ericsson, MTK)
· MTK: Co-scheduled UE PDSCH modulation per antenna port and per PRB bundle
· Option 2: TBA
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied (China Telecom, Nokia)
· Option 2: By assistant information signalling the modulation order information (MTK, Huawei)
· Option 3: Introduce the following signaling to reduce the search space (Qualcomm)
· MCS Table for each co-scheduled UE;
· Number of co-scheduled UEs in each slot on each RB
· Recommended WF
· Agree the modulation order information of the co-scheduled UE is needed for R-ML.
· Discuss how could be obtained by the UE.

Issue 3-2-2: RS location information of the co-scheduled UE
· Proposals:
· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE (China Telecom)
· Option 2: Assistant signaling should be introduced (Qualcomm)
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs
· Recommended WF
· Discussion is needed.

Sub-topic 3-3: Signalling for network assistant information if introduced
Issue 3-3-1: Signalling for the network assistant information (If introduced)
· Proposals:
· Option 1: RRC and MAC-CE signaling (Qualcomm)
· QC: Optimization on the signaling definition and design can be further discussed to capture the essential grant based information by MAC-CE signaling.
· Option 2: DCI (Huawei)
· Recommended WF
· Discussion is needed.

Issue 3-3-2: Granularity of the network assistant signalling (If introduced)
· Proposals:
· Option 1: For the whole bandwidth of serving UE considering the overhead limitation (Huawei)
· Recommended WF
· Discussion is needed.
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