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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4 #106 requirements for advanced receiver for MU-MIMO were discussed and way forward [1] was approved. It was encouraged to bring simulation results for alignment. In this paper simulation results for alignment for the cases with high priority.
2. Simulation Results
2.1 Conditions and Test Cases
In RAN4#106, it was agreed that companies bring simulation results for alignment in RAN4 #106bis-e to decide the gain of E-MMSE-IRC / R-ML receiver comparing with MMSE-IRC receiver. It was agreed that the required parameters on interfering signals are known (genie receiver) and test cases with higher priority was derived. For the simulation parameters in the table 1 we provide we simulation results in the following sub-sections.
In the WF [1], RAN4 agreed as follows.
	-	MCS for target UE
o	Cover MCS 13 for rank 1 and rank 2 for initial simulation
o	Further discuss whether to cover MCS 4 for rank 1 and MCS 19 for rank 2 in the next meeting



To investigate the overall performance in various SNR region, it is desirable to consider additional cases.
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.

Table 1: Simulation Parameters for Advance Receiver

	
A. Precoding model for target UE
· Random precoding with Single panel Type 1 codebook in PRB bundling size (i.e. 2 RB) per slot
B. MU-Interference Model
The PDSCH and DMRS of the paired UEs are precoded prior to transmission. The precoder for each user is denoted by  and  respectively. is the precoder matrix of ith UE, of size NTX x NLi from Type I single panel codebook. The combined precoder , of size NTX x NL where, NL is the total number layers across all users. The precoder of the target UE W1 is randomly selected. For the co-scheduled UE, the precoder W2 is selected in one of the two ways below.
· Orthogonal precoder: W2 is randomly selected from the codebook with a constraint that the combined precoder W has orthogonal columns, i.e., the off-diagonal entries of WHW are zero
· Random precoder: W2 is randomly selected from the codebook ensuring any column of W2 is not identical to any column of W1
To maintain the average per UE signal power, an additional scaling is applied to each precoding considering total number of layers across all users NL and the number of layers for each user, NLi.

C. Test metric: SNR gain @ 70% of maximum Throughput for FRC (Test MCS)
D. CSI-RS configuration: 2 Tx/ 4 Tx NZP CSI-RS with ZP CSI-RS for CSI acquisition, CSI-RS for tracking
E. Other detailed simulation assumptions
MCS under Max. 64 QAM 
. Target UE: MCS 13 for Rank 1 and Rank 2 
. Interfering UE: MCS 4 (QSPK), MCS 19 (64QAM) 
PDSCH configuration: Mapping Type A with S = 2 and L = 12, Static PRB bundling with size 2
PDSCH DMRS config.: DMRS Type 1, 1 additional DMRS, Max. # of symbols DL front loaded DMRS = 1



	Case Number 
(Note 1)
	Co-scheduled UE number
	Rank for the target UE
	Rank for the C-scheduled UE
	Modulation order for the co-scheduled UE
	MIMO
configuration
	Channel model
	Precoder selection for the Co-scheduled UE
(Note 3)

	
	
	
	
	
	
	
	
	

	1
	1
	1
	1
	QPSK
	2Tx 2Rx 
ULA medium
	TDLC300-100
	orthogonal
	

	2
	
	
	
	
	
	
	random
	

	3
	
	
	3
	16QAM
	4Tx 4Rx 
ULA Low
	
	orthogonal
	

	4
	
	
	
	
	
	
	random
	

	5
	
	2
	2
	64QAM
	
	
	orthogonal
	

	6
	
	
	
	
	
	
	random
	

	7
	
	
	
	QPSK
	
	
	orthogonal
	

	8
	
	
	
	
	
	
	random
	

	9
	
	
	
	64QAM
	
	TDLA30-10
	orthogonal
	

	10
	
	
	
	
	
	
	random
	

	11
	
	
	
	QPSK
	
	
	orthogonal
	

	12
	
	
	
	
	
	
	random
	

	13
	2
	1
	1 for each Co-scheduled UE
	64QAM and QPSK
	4Tx 4Rx 
ULA medium A
	TDLC300-100
	orthogonal
	

	14
	
	
	
	
	
	
	random
	

	15
	
	
	
	64QAM and 16QAM
	
	
	orthogonal
	

	16
	
	
	
	
	
	
	random
	

	17
	
	
	
	64QAM and QPSK
	4Tx 4Rx 
XPL medium
	
	orthogonal
	

	18
	
	
	
	
	
	
	random
	

	19
	
	
	
	64QAM and 16QAM
	
	
	orthogonal
	

	20
	
	
	
	
	
	
	random
	

	
Note 1: The cases in Red are of high priority for the April meeting, the cases in Green are of high priority for the May meeting, the cases in Orange are of low priority and the cases in Blue are of the lowest priority.

Note 2: Target UE - MCS 13 for Rank 1 and Rank 2 under Max. 64 QAM

Note 3: Simulation was done in FDD 10 MHz, 15 KHz SCS and Opt. 1 / Opt. 2 below denotes orthogonal PMI / random PMI, respectively
	

	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2.2 [bookmark: _Hlk131525952]Simulation Results
To find the focused SNR region for 70% throughput, simulations with medium size samples were carried out to get rough figures below. The SNR point for 70% throughput in summary was done with larger samples in the focused SNR region.
2.2.1 Case 1-2) Rank 1+1 under 2x2 medium, TDLC300-100 channel 
[image: ][image: ] 
2.2.2  Case 5 ~ 8) Rank 2+2 under 4x4 low, TDLC300-100 channel 
[image: ] [image: ]
[image: ] [image: ]
2.2.3 Case 9 ~ 12) Rank 2+2 under 4x4 low, TDLA30-10 channel 
[image: ] [image: ]
[image: ] [image: ]
2.3 Summary
	Case 

	Number of
co-scheduled 
UEs

	Rank
(Target UE)
	Co-scheduled UE
	MIMO
Config.
	Channel 
model
	Precoder 
selection 
(Co-scheduled UE)
	SNR dB @ 70 % Throughput

	
	
	
	Rank
	Modulation
	
	
	
	R-ML
	E-IRC
	IRC
(Baseline)
	Gain
(R-ML)
	Gain
(E-IRC)

	1
	1
	1
	1
	QPSK
	2Tx 2Rx 
ULA medium
	TDLC300-100
	orthogonal
	13.4
	19.1
	19.3
	5.9
	0.2

	2
	
	
	
	
	
	
	random
	14.4
	21.3
	22.3
	7.9
	1.0

	3
	
	
	3
	16QAM
	4Tx 4Rx 
ULA Low
	
	orthogonal
	-

	4
	
	
	
	
	
	
	random
	-

	5
	
	2
	2
	64QAM
	
	
	orthogonal
	13.5
	14.2
	14.8
	1.3
	0.6

	6
	
	
	
	
	
	
	random
	18.5
	20.4
	30.0
	11.5
	9.6

	7
	
	
	
	QPSK
	
	
	orthogonal
	11.0
	14.2
	14.8
	3.2
	0.6

	8
	
	
	
	
	
	
	random
	13.3
	20.4
	29.9
	16.6
	9.5

	9
	
	
	
	64QAM
	
	TDLA30-10
	orthogonal
	12.2
	12.5
	12.5
	0.3
	0.0

	10
	
	
	
	
	
	
	random
	16.8
	17.6
	17.5
	0.7
	-0.1

	11
	
	
	
	QPSK
	
	
	orthogonal
	9.9
	12.5
	12.4     
	2.5
	-0.1

	12
	
	
	
	
	
	
	random
	11.8
	17.7
	17.5
	5.7
	-0.2



3. Conclusion

In this paper, we provide initial simulation results for alignment for defining advanced receiver for MU-MIMO.
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.
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