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Introduction
This document provides the way forward on advanced receiver for MU-MIMO scenario of Rel-18 NR demodulation requirement evolution WI.
The previous approved WFs are listed as below:
· R4-2302929 - WF on advanced receiver for MU-MIMO scenario, China Telecom, RAN4#106
<Topic #1: Assumptions for the advanced receiver for MU-MIMO>
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
· Option 2: R-ML receiver in terms of total layer (serving + interfering) and modulation order
· Option 3: UE performs joint detection on layers of one additional co-scheduled UE in addition to its own layers on the same frequency and time resource as its own allocation
· Option 4: Limit the number of co-scheduled UE is no more than 1 and the number of interference layers are no more than 2
Way forward
· This issue is highly related to how UE could obtain each requirement information and how NWA is designed.
· Discuss how to obtain each of the needed parameters.

Issue 1-1-2: Reference receiver
Candidate options:
· Option 1: Down-select R-ML as a candidate reference receiver to define phase II requirements
· Option 2: To be decided later
Way forward
· To be discussed in the next meeting.

Sub-topic 1-2 Discussion on the required information (High priority for Q2)
Sub-topic 1-2-1: Timeline
Issue 1-2-1-1: Timeline for the required information studying
· 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
· Option 2: By assistant information signalling
· Option 3: Through signalling of other parameters or by blind detection to the DMRS port information to be discussed
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with modulation order and DMRS port
· Option 2: DCI-based signalling jointly with only modulation order 
· Option 3: 1 bit RRC signalling to indicate whether the DMRS port is used for the co-scheduled UE
Way forward
· Postpone this issue after the agreements of other information are reached.

Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
Way forward
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Restriction already exists in RAN1 specification (TS38.214), thus signaling is not needed.
· For the scrambling ID and  information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· FFS on the signaling to inform UE if RAN4 default assumption not valid for any of the co-scheduled UE:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on modulation order (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits

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
Way forward
· Study the BD performance together with FDRA information as recommended in Issue 1-2-2-8.
· FFS whether to introduce additional assistant RRC signalling to restrict the BD complexity.

Issue 1-2-2-4: PRB bundling size for the co-scheduled UE
Way forward
· UE needs to know the PRB bundling size of co-scheduled UEs if different from target UE
· How could be obtained
· Assume the PRB bundling size of co-scheduled UEs is same with that of target UE
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: No signaling is required.
· Option 3: Implied by DCI signaling on modulation order (if introduced)

Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
Way forward
· DMRS power boosting should be the same for both target and the co-scheduled UE.
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required.

Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Agreements:
· 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
Way forward
· UE assumes the same PDSCH symbols are allocated to the target and the co-scheduled UEs 
· FFS on the signaling to inform UE if RAN4 default assumption not valid, by:
· Option 1: 1-bit RRC signalling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required

Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
Way forward
· UE should know the FDRA information of the co-scheduled UE
· Study the R-ML performance with BD to the DMRS port information as well as the FDRA information of the Co-UE (Low priority for the May meeting). Evaluation assumptions are as below:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Select the following two cases based on the agreed simulation assumption:
· Case 2 (rank 1+1 2T2R QPSK interference TDLC300-100 random precoding)
· Case 9 (rank 2+2 4T4R 64QAM interference TDLA30-10 orthogonal precoding)
· Two cases for the FDRA of the co-UE: 
· Full CHBW allocation (52PRBs)
· Partial CHBW allocation (0~24 PRBs)
· Note: Assume that the R-ML has known all the other required information and all the agreed default assumptions are valid
· Companies are encouraged to bring simulation results.

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
Way forward
· The following additional assumptions to the R-ML receiver can be agreed:
· Within each PRB/PRG, UE applies R-ML to all interference layers with prior information that all interference layers have same modulation order
· FFS whether to consider the case with interference layers have different modulation orders within one or more PRBs.
· Evaluation assumptions of the MO BD study:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Following cases:
· Rank 1+1, 2T2R, MCS 13 for the target UE, QPSK interference, TDLC300-100, random precoding
· Rank 2+2, 4T4R, MCS 17 for the target UE, 16QAM interference, TDLA30-10, orthogonal precoding
· Rank 1+1, 2T2R, MCS 13 for the target UE, 16QAM interference TDLC300-100 random precoding (Optional)
· Full CHBW allocation (52PRBs) FDRA of the co-UE:
· Note: Assume that the R-ML also needs to perform DMRS port and FDRA information BD and all the agreed default assumptions are valid.
· Companies are encouraged to bring simulation results for the next meeting.
· With this MO BD study, the following is not precluded:
· The possibility of full signalling of modulation order and/or other information.
· The possibility of non-dynamic NWA signalling (i.e., non-DCI) solutions.
· For this MO BD study, companies are encouraged to take all proposals from Issue 1-2-3-2 into consideration.

Issue 1-2-3-3: RS location information of the co-scheduled UE
Way forward 
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· FFS whether to consider RRC signalling to inform UE whether the default assumption is needed

Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
· Proposal 1:
	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
· Example 1:
	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.
· Proposal 5: Introduce DCI signaling 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}
Way forward 
· To be discussed in the next meeting if introduced

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
· Option 2: DCI 
· Option 3: FFS once it is agreed which information is to be signalled
· Option 4: Some of the information could be carried by DCI and others carried by higher layer
Way forward 
· Discuss separately for each parameter

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
· Option 2: FFS until it is agreed which information is to be signalled
Way forward 
· Further discuss.

<Topic #2: Simulation assumptions and results>
Issue 2-1-1: The number of co-scheduled UEs
Candidate options:
· Option 1: 1 co-scheduled UE as higher priority
· Option 2: Cover 2 co-scheduled UEs at least in phase I study
Way forward
· Keep the previous meeting agreement, 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
Way forward
· For 2Rx: rank 1+1
· For 4Rx: Only consider rank 2+2

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
Way forward 
· 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
Way forward
· Cover MCS 13 for rank 1 and rank 2 for initial simulation
· Cover MCS 17 for rank 2 for initial simulation
· Further discuss whether to cover MCS 4 for rank 1 in the next meeting
· The assumption can be updated later based on available results. 

Issue 2-1-5: Modulation order for the co-scheduled UE
Way forward
· Maintain last meeting status from the modulation order perspective:
For R-ML, E-IRC and IRC (baseline in Rel-17, for performance comparison purpose) for initial simulation
· For rank 1+1: QPSK (high priority)
· For rank 2+2: 64QAM (high priority)
· For rank 2+2: QPSK (high priority)
· For rank 1+1 (64QAM) +1 (QPSK) (lower priority)
· For rank 1+1 (64QAM) +1 (16QAM) (lowest priority)
· Other options on the modulation order for co-scheduled UE are not precluded.
· These assumptions can be updated in the next meeting based on available simulation results.

Issue 2-1-6: Channel model
Way forward
· For initial study 
· 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
Way forward
· 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
Way forward
· For phase I study
· For rank 1+1: Random PMI selection 
· For rank 2+2: Orthogonal PMI selection

Issue 2-1-9: PDSCH resource allocation for the target and co-scheduled UE
Candidate options:
· Candidate scenarios:
· Scenario 1: Maximum transmission bandwidth configuration for all UEs.
· Scenario 2: Maximum transmission bandwidth configuration for the target UE and partial transmission bandwidth configuration for the co-scheduled UEs.
· Full OFDM symbol allocation for both scenarios.
· Option 1: Cover both scenario 1 and scenario 2 in the phase I study
· Option 1A: Consider the following scenario for the study of R-ML and E-IRC with blind detection to the required information
· Target UE with frequency domain full PRB allocation (52PRBs)
· Co-scheduled UE1 with PRB0~19 allocation with 16QAM transmission.
· Co-scheduled UE2 with PRB40~51 allocation with QPSK transmission.
· Full OFDM symbol allocation.
· Option 1B:
	Allocation
	Layer 1
	Layer 2
	Layer 3
	Layer 4

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

	PRB20 ~ PRB39
	
	
	None

	PRB40 ~ PRB51
	
	UE2 QPSK 
	


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

<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.
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