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1 Introduction
[bookmark: OLE_LINK6]There were several objectives in the Rel-18 FR1 enh WID [1], in which for MU-MIMO, the objective is:
· 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.
· Specify absolute physical layer throughput requirements with link adaptation
· Note: Rel-17 RAN4 study outcome documented in section 5.10 of TR 37.901-5 is a starting point for this objective
2	Discussion
[bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK38]In NR R-17 [2], UE demodulation single carrier performance requirements with MMSE-IRC receiver for scenario of single-cell single-user with multi-layer transmission were defined. Considering the enhanced demodulation requirement in Rel-18, for the purpose of further enhancing DL throughput and coverage performance, it is beneficial to study and specify (if feasible) requirements for more advanced UE receiver for MU-MIMO.
[bookmark: OLE_LINK30][bookmark: OLE_LINK42]2.1 Reference receiver assumption
In Rel-18 FR1 enh WID [1], it specified two candidates receiver should be studied. Based on our understanding, E-MMSE-IRC receiver needs interference UE channel information to cancellation multiple user interference, so target UE needs to perform channel estimation for target UE. At present, maximum likelihood detection algorithm has been studied by many references. However, the ML algorithm is too complex to be applied. Fortunately, the reduced maximum likelihood(R-ML) has been studied by many scholars. The typical R-ML receiver includes sphere detection(SD) and QR-MLD which have different implementations for receiver. Also SD and QR-MLD have different calculation complexity. The complexity of SD depends on radius. The larger the radius is, the higher the complexity is. The complexity of QR-MLD depends on the integer M. The larger the M is, the higher the complexity is. If M is equal to the number of constellation diagram, the performance of the QR-MLD is similar to that of the ML. 
Observation 1: For R-ML receiver, includes sphere detection(SD) and QR-MLD, etc. Both of them have different complexity.
2.2 Interference modeling
In NR R-17, RAN4 specified the modeling of intra-cell inter-user interference in the MU-MIMO scenario. In R-18, for the purpose of further studying advanced receiver, like E-MMSE-IRC and R-ML. At the initial phase, in order to study performance gain between MMSE-IRC receiver and E-MMSE-IRC or R-ML receiver, interference model should same as MMSE-IRC receiver of R-17.
Proposal 1: Interference modeling could be same as MMSE-IRC receiver of R-17 MU-MIMO.
2.3 E-MMSE-IRC receiver 
Based on TR 38.833[3], it has specified the MMSE-IRC receiver structure for MU-MIMO. In our understanding, MMSE-IRC receiver optimized and improved the covariance matrix estimation of interference and noise, but it doesn’t make full use of information about interference channel. If target UE know the interference information of interference UE which will be an improved UE capability of interference cancellation.
To suppress the co-scheduled UE’s interference, the candidate E-MMSE-IRC receiver type is captured in this subsection. The E-MMSE-IRC receiver weight matrix is expressed as follow:

[image: ]
Where,
[image: ]denotes the estimated channel matrix and the transmit signal of target UE’s DMRS symbols, respectively, where the estimated channel matrix is also based on serving cell DMRS. 
[image: ]denotes the estimated interference channel matrix and the transmit signal of interference UE’s DMRS symbols, respectively, where the estimated channel matrix is also based on interference cell DMRS. 
P1 is the transmission power of the target UE.
Pk is the transmission power of the interference UE.
N0 is the noise power.
Proposal 2: Proposal to use the following structure for E-MMSE-IRC receiver :

[image: ]

2.4 Signalling
From what we understand, E-MMSEIRC receiver and R-ML receiver are need target UE to estimate channel matrix interference UE’s. So DMRS information of interference UE’s is necessary for target UE to know. But in intra-cell inter-user interference scenario, the DMRS information is the same for all UE. And the only difference is that different ports are used. Therefore, extra network assistance signalling couldn’t needs to be considered.
Observation 2: Extra network assistance signalling couldn’t needs to be considered.
2.5 Simulation assumptions
In this section, we want to provide simulation assumptions for R18 MU-MIMO. 
As we understand it, our objective is to study the gain of the E-MMSE-IRC and R-ML receivers compared to the MMSE-IRC. Therefore, we can reuse R-17 MU-MIMO simulation assumptions in the following Table 2-1.
Table 2-1. Simulation assumptions for MU-MIMO
	Parameter
	Value

	
	Target UE 
	Co-scheduled UE

	Channel Bandwidth/SCS 
	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

	PDSCH configuration
	Mapping type
	Type A

	
	Starting symbol (S) 
	2

	
	Length (L)
	12

	
	[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

	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



Proposal 3: Proposal to reuse R-17 MU-MIMO simulation assumptions.

2.6 Simulation results
In this section, the simulation results for MU-MIMO are summarized in the following Table 2-2 and Table 2-3. And all figures have been provided in the Appendix. 
Table 2-2. Summary of MU-MIMO FDD Rank1+1 and Rank2+2 simulation results
	Ant Conf
	Layers
	Channel
	MCS
	PMI
	MMSE-IRC
(dB)
	EMMSE-IRC
(dB)
	Gain
	R-ML(dB)
	Gain 

	2x2
	1+1
	TDLC300
	MCS13
	Random
	14.2
	12.8
	1.4
	11.2
	3.0

	2x4
	1+1
	TDLC300
	MCS13
	Random
	8.6
	7.9
	0.7
	7.4
	1.2

	4x4
	2+2
	TDLA30
	MCS13
	Orthogonal
	13.1
	12.6
	0.5
	11.8
	1.3



Table 2-3. Summary of MU-MIMO TDD Rank1+1 and Rank2+2 simulation results
	Ant Conf
	Layers
	Channel
	MCS
	PMI
	MMSE-IRC
(dB)
	EMMSE-IRC
(dB)
	Gain
	R-ML(dB)
	Gain

	2x2
	1+1
	TDLC300
	MCS13
	Random
	14.9
	13.2
	1.7
	11.8
	3.1

	2x4
	1+1
	TDLC300
	MCS13
	Random
	9.0
	8.4
	0.6
	7.9
	1.1

	4x4
	2+2
	TDLA30
	MCS13
	Orthogonal
	13.1
	12.6
	0.5
	11.8
	1.3


The simulation results show that 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.
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.
3 Conclusion
In this contribution, we give some initial discussions on the advanced receiver to cancel inter-user interference for MU-MIMO. The conclusions are:
[bookmark: _GoBack]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 :

[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.
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5 Appendix
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Figure 1. MU-MIMO simulation results for FDD Rank1+1 and Rank2+2




	[image: ]
	[image: ]

	[image: ]
	


Figure 2. MU-MIMO simulation results for TDD Rank1+1 and Rank2+2
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