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1 Introduction
Following WF [1] in the last RAN4#76 meeting, in this document we provide our simulation results for 4Rx CSI tests.
2 CSI Performance Simulations
2.1 PMI
For PMI performance, the following test cases are simulated. 
	Propagation condition 
	TM 
	Antenna configuration 
	# of Layers 
	Based on current 2Rx requirement section 

	EVA5 
	TM9 
	4x4 or 8x4  
	1, 2, 3 or 4 
	9.4.2.3, PUSCH 1-2 

	EVA5 
	TM9 
	8x4  
	1, 2, 3 or 4 
	9.4.1.4, PUCCH 1-1 

	EVA5 
	TM4 
	4x4  
	1, 2, 3 or 4 
	9.4.1.1, PUSCH 3-1 


2.1.1 PMI requirement on PUSCH 3-1 with CRS measurement

The simulation is based on 9.4.1.1.1, with the assumption adapted to 4x4 configurations. The simulation result is shown in Figure 1. The precoding gain values at reference SNR points defined in TS 36.101 sec. 9.4 are labelled in the figure.
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Figure 1. Precoding gain for TM4 4x4 with report PUSCH mode 3-1
Observation 1: For TM4 4x4 with low correlation, the precoding gain of wideband PMI decreases with the increase of rank and there is no precoding gain for rank 4 transmission.
2.1.2 PMI requirement on PUCCH 1-1 with CSI-RS measurement

The simulation is based on 9.4.1.4.1, with the assumption adapted to 8x4 configurations. The simulation result is shown in Figure 2. The precoding gain values at reference SNR points defined in TS 36.101 sec. 9.4 are labelled in the figure.
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Figure 2. Precoding gain for TM9 8x4 with report mode PUCCH 1-1
Observation 2: For TM9 with 8x4 XP high correlation, the precoding gain of wideband PMI can be obverved from rank 1 to rank 4, and the gain for rank 1 and rank 2 is higher than rank 3 and rank 4. 
2.1.3 PMI requirement on PUSCH 1-2 with CSI-RS measurement

The simulation is based on 9.4.2.3.1, with the assumption adapted to 4x4/8x4 configurations. The simulation results are shown in Figure 3 (a) and Figure 3 (b) for 4x4 and 8x4 case respectively. The precoding gain values at reference SNR points defined in TS 36.101 sec. 9.4 are labelled in the figures.
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(a) 4x4
(b) 8x4
Figure 3. Precoding gain for TM9 with report mode PUSCH 1-2
Observation 3: For TM9 with 4x4 low correlation, the precoding gain of multiple PMI can be obverved from rank 1 to rank 4.
2.2 RI

For the RI tests, the following cases are simulated.

	Propagation condition
	Reporting 
	TM
	Proposed new antenna configuration
	Based on current 2Rx requirement section

	EPA5
	PUCCH 1-1
	TM4
	2x4
	9.5.1.1

	EPA5
	PUCCH 1-1
	TM9
	4x4 
	9.5.2.1


2.2.1 RI requirement on TM4 2x4

The simulation results for test 9.5.1.1 with 4Rx antennas are shown in Figure 4, and the curves for the RI accuracy metric are shown in Figure 5. The RI accuracy metric (RI gain) is defined as the ratio of the thoughput obtained by following UE reported RI and that obtained by transmitting with rank fixed at specific value.
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Figure 4. Throughput for TM 4 2x4 RI test
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Figure 5. RI accuracy metric for TM4 2x4 test
With the increase the Rx antenna number, more diversity gain can be achieved and the SNR point for RI test for 4Rx should be different from 2Rx.
Proposal 1: When extending the test 9.5.1.1 to 4Rx, the SNR point in the test should be changed.
2.2.2 RI requirement on TM9 4x4

The simulation for TM9 4x4 is based on 9.5.2.1, with the assumption adapted to 4x4 with 4 CSI-RS ports. The throughput curves are shown in Figure 6, and the curves for the RI accuracy metric are shown in Figure 7. The RI accuracy metric (RI gain) is defined as the ratio of the thoughput obtained by following UE reported RI and that obtained by transmitting with rank fixed at specific value.
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Figure 6. Throughput for TM 9 4x4 RI test
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Figure 7. RI accuracy metric for TM9 4x4 test
With low correlation, UE may report RI 3/4 when SNR is high enough, but with high correlation, rank 3/4 cannot be supported.
Observation 4: For high correlation 4x4, rank 3 and rank 4 cannot outperform rank 1 or rank 2.
Proposal 2: It’s needed to extend the RI accurancy metric definition for rank 3 and rank 4 in 4x4 case.
3 Conclusions

Baed on our simulations, we have following observations and proposals:
Observation 1: For TM4 4x4 with low correlation, the precoding gain of wideband PMI decreases with the increase of rank and there is no precoding gain for rank 4 transmission.
Observation 2: For TM9 with 8x4 XP high correlation, the precoding gain of wideband PMI can be obverved from rank 1 to rank 4, and the gain for rank 1 and rank 2 is higher than rank 3 and rank 4. 

Observation 3: For TM9 with 4x4 low correlation, the precoding gain of multiple PMI can be obverved from rank 1 to rank 4.
Observation 4: For high correlation 4x4, rank 3 and rank 4 cannot outperform rank 1 or rank 2.
Proposal 1: When extending the test 9.5.1.1 to 4Rx, the SNR point in the test should be changed.
Proposal 2: It’s needed to extend the RI accurancy metric definition for rank 3 and rank 4 in 4x4 case.
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