[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 107	R4-2307336
Incheon, Korea, May 22 – May 26, 2023
Agenda item:	8.19.1.2
Source:	Apple
Title:	On test parameters and simulation results for MU-MIMO
Release:	Rel-18
Document for:	Discussion

1. Introduction 
In RAN4#106bis-e PDSCH demodulation requirements for MU-MIMO with advanced receiver were discussed and way forward [1] was agreed.  In this contribution we present our simulation results and views on test parameters for advanced receiver in MU-MIMO.   
2. Simulation Results
In RAN4#106bis-e simulation parameters were agreed for initial simulation alignment and phase I for advanced receiver for MU-MIMO study. 
The simulation assumptions for the results we present are summarized below:
· Ant config and rank for 2 paired UEs:
· 2x2: 1+1
· 4x4: 2+2
· DMRS ports:
· 2x2: 1+1 – [0,1] 
· 4x4: 2+2 – [(0,1),(2,3)] 
· Precoder selection for interference UE
· Orthogonal for 4x4
· Random and unique for 2x2 
· Codebook
· SP Type I codebook
· Random PMI 
· Channel and antenna correlation
· Rank 1+1: ULA medium, TDLC300-100
· Rank 2+2; ULA Low, TDLA30-10
· MCS for target UE
· Rank 1: 16QAM (MCS13)
· Rank 2: 16QAM (MCS13), 64QAM (MCS17)
· MCS of co-scheduled UE
· For rank 1+1: QPSK 
· For rank 2+2: QPSK, 16QAM, 64QAM 
2x2
The results below are for 2x2 antenna configuration with 1+1 layer combination:
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Figure 1: Simulation results for 2x2
For 2x2 with medium correlation the gain with R-ML is high, as expected. The performance of MMSE-IRC and E-MMSE-IRC is comparable. 
Observation #1: The gain with R-ML receiver is high with medium correlation with 2x2.
Observation #2: Performance with E-IRC and baseline MMSE-IRC receiver is comparable with 2x2.
4x4
For 4x4 antenna configuration we present results for 2+2 layer combination with orthogonal precoder for co-scheduled UE.
16QAM - MCS13
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Figure 2: Simulation results for 4x4 with TDLA channel
With 2+2 TDL-A channel, low correlation, the gain with R-ML receiver is seen with co-scheduled UE using QPSK. With low correlation, the gain from R-ML reduces when modulation order of co-scheduled UE is equal or larger than target UE. With higher modulation of co-scheduled UE compared to target UE, the performance of R-ML is comparable to E-IRC. 
Observation #4: With orthogonal precoders, with TDL-A channel and 2+2 larger gain with R-ML receiver is observed when co-scheduled UE is using QPSK.
Observation #5: When target and co-scheduled UE use modulation order 16QAM and 64QAM respectively, the performance of R-ML is comparable to E-IRC with orthogonal precoders and low correlation.
64QAM - MCS17
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Figure 3:  Simulation results for 4x4 with TDLC channel
With higher MCS (64QAM) for target UE, the performance gain with E-IRC is comparable to 16QAM with TDLA channel, low correlation. Larger gain with R-ML is observed when modulation order of co-UE is much smaller than target UE. 
Observation #6: With orthogonal precoders, TDL-A channel, low correlation gain of E-IRC over baseline MMSE-IRC is the same with 16QAM and 64QAM on target UE.
Observation #7: Larger gains are observed with R-ML when modulation order of co-UE is much smaller than target UE.

We summarize the simulation results in the table below:

Table 1: Summary of simulation results
	Rank Combo
	Modulation of co-sch UE
	MIMO
	Channel Model
	MCS
	Precoder of co-sch UE
	SNR @ 70% Max TP

	
	
	
	
	
	
	MMSE-IRC
	E-IRC
	R-ML

	1+1
	QPSK
	2x2 ULA Med
	TDLC300-100
	13
	Random
	24.3
	24.2
	16.4

	
	QPSK
	4x4 ULA Low
	TDLA30-10
	13
	Orthogonal
	14.4
	14.0
	11.8

	
	16QAM
	
	
	13
	Orthogonal
	14.4
	14.0
	13.7

	2+2
	64QAM
	
	
	13
	Orthogonal
	14.4
	14.0
	14.0

	
	QPSK
	
	
	17
	Orthogonal
	19.1
	18.5
	15.1

	
	16QAM
	
	
	17
	Orthogonal
	19.1
	18.5
	17.6

	
	64QAM
	
	
	17
	Orthogonal
	19.1
	18.5
	



3. Conclusion
In this paper, we provide present our simulation results and views on test parameters for advanced receiver in MU-MIMO. Our observations and proposals are captured below:
Simulation Results
2x2:
Observation #1: The gain with R-ML receiver is high with medium correlation with 2x2.
Observation #2: Performance with E-IRC and baseline MMSE-IRC receiver is comparable with 2x2.
4x4:
Observation #4: With orthogonal precoders, with TDL-A channel and 2+2 larger gain with R-ML receiver is observed when co-scheduled UE is using QPSK.
Observation #5: When target and co-scheduled UE use modulation order 16QAM and 64QAM respectively, the performance of R-ML is comparable to E-IRC with orthogonal precoders and low correlation.
Observation #6: With orthogonal precoders, TDL-A channel, low correlation gain of E-IRC over baseline MMSE-IRC is the same with 16QAM and 64QAM on target UE.
Observation #7: Larger gains are observed with R-ML when modulation order of co-UE is much smaller than target UE.
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