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Introduction
In this contribution, we provide our view on the R18 demod enhancement on MU-MIMO. 
Discussion
[bookmark: _Hlk78385107]Implementation feasibility of R-ML receiver for MU-MIMO and network assistant signaling
R-ML receiver cancels the interference from co-scheduled UE by jointly demodulating the signals from the UE and the co-scheduled UEs. In absence of transmission configuration information for co-scheduled UEs, the UE requires to detect the essential configurations, e.g., modulation order, of the co-scheduled UEs to perform interference cancellation. Without any restriction on the configurations, the search space could be prohibitively large: e.g., for a 2+2 scenario, each layer has one of the 5 modulation orders, there are 25 combinations in total. Calculating the likelihood of each combination itself is complicated enough since it is a composite hypothesis testing formulation, not mention that there are tens of hypothesis to go through. Therefore, reducing the search space is the only way to make R-ML receiver feasible. 
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.
Therefore, we propose the following information which can be conveyed via network assistant signals can help UE to reduce the search space:
· 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
Knowing the MCS index table(s) can potentially reduce the modulation order possibilities. Given that one codeword for number of layer < 4, each co-scheduled UE has the same modulation order across its layers, and therefore the possible combinations of modulation orders across interfering layers can be reduced.
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
Besides the modulation order detection complexity reduction, how to apply the interference cancellation is another important issue to be addressed. Since the interference detection is per slot based on reference signal, UE can’t determine the existence of interference in per symbol level, and the interference cancellation has to be applied uniformly across the PDSCH symbols in a slot. 
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.
Therefore, to apply the interference cancellation correctly, the following information is required:
· 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
Without the above information, when UE applies interference cancellation to symbols that may not have interference presented, the interference cancellation introduces additional noise and degrades the demodulation performance. 
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
Since MCS tables and scrambling sequences are RRC configured, the network assistance signaling can be part of RRC configuration. For the rest of information entries which are from DCI-based signaling, from network overhead and UE blind decoding complexity perspective, MAC-CE signaling could be a good signaling options. To avoid frequent MAC-CE signaling to catch up with dynamic DCI scheduling, we can simplify the information content to keep only the essential information, e.g., instead of signaling number of co-scheduled UEs in each RB, network can indicate whether there are more than one co-scheduled UE on the RBs allocated to the target UE since one modulation order across all interfering layer on an RB (i.e., at most one co-scheduled UE on each RB) is the only feasible case from complexity perspective for modulation order detection. We can further reduce the overhead by reducing the granularity, i.e., instead of per RB signaling, we can do per PRB or per PRB groups. 
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. 
Simulation assumptions
Since the difference between R17 and R18 MU-MIMO enhancement is on receiver architecture, R17 simulation assumptions are a good starting point with reasonable UE implementation complexity based on the following observation:
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.
	[bookmark: OLE_LINK111]Parameter
	Unit
	Value

	
	
	Target UE 
	Co-scheduled UE

	Channel Bandwidth/SCS
	MHz/KHz
	10/15 for FDD and 40/30 for TDD

	Duplex mode
	
	FDD  and TDD

	TDD pattern 
	
	7D1S2U S=6D+4G+4U

	MCS
	
	13
	16 QAM random symbols

	Allocation for interference UE and target UE
	Rank allocation
	
	1
	1

	
	
	
	2
	2

	
	DMRS port allocation 
	
	For rank 1+1: Port 1000
For rank 2+2: Port 1000 and 1001
	For rank 1+1: Port 1001
For rank 2+2: Port 1002 and 1003

	MIMO configuration
	
	2T2R ULA Low and 2T4R ULA Low for case with rank1+1 and 4T4R ULA  Low (Note 1) for case with rank 2+2

	Number of CDM groups without data
	
	1 for case with rank 1+1 and 2 for case with rank 2+2

	HARQ process number
	
	4 for FDD and 8 for TDD

	Precoding model 
	Target UE
	
	Random precoding with Single panel Type 1 per PRB bundling size per slot
	· 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

	[bookmark: _Hlk78538817]PDSCH configuration
	Mapping type
	
	Type A

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12
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	[bookmark: OLE_LINK53]PRB bundling size
	
	2

	
	PRB bundling type
	
	Static

	PDSCH DMRS configuration 
	DMRS Type
	
	DMRS Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	[bookmark: _Hlk78537861]Propagation conditions
	
	For rank 1+1: TDLC300-100
For rank 2+2: TDLA30-10

	Receiver type
	
	MMSE-IRC 
	N/A

	Test metric
	
	SNR @ %70 of maximum Throughput 
	N/A



Conclusion
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.
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