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1. Introduction

In RAN4#78 meeting, some conclusions for 4Rx PMI reporting requirements were agreed and they can be summarized as below:

· Simulate legacy test methodology using FRC targeting with low rank
· Further study for high rank
In this contribution, we provide the simulation results and analysis for 4Rx PMI reporting requirements. And according to these results and analysis, we show the relevant proposals.
2. Discussion
· Low rank

Based on section 9.4.1.3.2 in TS36.101, we show the simulation results for PMI reporting with 1 layer in figure 1 and figure 2. Modulation and code rate is 16QAM1/2 in simulation. 
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Figure 1 PMI reporting performance for 8x2 antennas
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Figure 2 PMI reporting performance for 8x4 antennas

Then, table 1 shows the SNR and throughput gain at 70% maximum throughput of follow PMI. 
Table 1: SNR and throughput gain at test point (16QAM1/2)
	Number of antennas
	Single PMI
	Multiple PMI

	
	SNR at 70 % TP of follow PMI (dB)
	Normalized throughput of random PMI
	Throughput

gain
	SNR at 70 % TP of follow PMI (dB)
	Normalized throughput of random PMI
	Throughput

gain

	8x2
	-2.2
	0.1
	7
	-2.7
	0.081
	8.64

	8x4
	-4.2
	0.145
	4.83
	-4.6
	0.127
	5.51


From the simulation results, it can be observed that:

· For 16QAM1/2, 
· The SNR at test point for 8x4 is less than -4dB. 
· For follow PMI, the SNR difference between 8x4 and 8x2 is about 2dB at 70% of maximum throughput.
· The PMI gain of 8x2 is much greater than 8x4.

PMI gain with 8x4 is worse than with 8x2. One reason is the lower test SNR point for 8x4 scenarios. Because the ability of noise suppression of CSI-RS is weak, PMI estimation accuracy will decrease. In order to reduce the estimation deviation by low SNR, higher order MCS should be considered instead of 16QAM1/2. Thus, we simulate PMI reporting performance with 64QAM1/2 and the simulation results are shown in figure 3 and figure 4.
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Figure 3 PMI reporting performance for 8x2 with 64QAM1/2
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Figure 4 PMI reporting performance for 8x4 with 64QAM1/2
Table 2 shows the SNR and throughput gain at 70% maximum throughput of follow PMI for 64QAM1/2.
Table 2: SNR and throughput gain at test point (64QAM1/2)

	Number of antennas
	Single PMI
	Multiple PMI

	
	SNR at 70 % TP of follow PMI (dB)
	Normalized throughput of random PMI
	Throughput

gain
	SNR at 70 % TP of follow PMI (dB)
	Normalized throughput of random PMI
	Throughput

gain

	8x2
	2.7
	0.148
	4.73
	2
	0.122
	5.74

	8x4
	0.3
	0.155
	4.52
	-0.4
	0.126
	5.56


Compared table 1 and table 2, it can be found that:
· For 64QAM1/2, 

· For 8x4 case, the SNR at test point is 0.3dB for single PMI and -0.4dB for multiple PMI. 

· For follow PMI, the SNR difference between 8x4 and 8x2 increases from 2dB to 2.4dB at 70% of maximum throughput.
· The PMI gain of 8x4 is very close to 8x2.
From these observations, it can be inferred that, 64QAM1/2 is able to avoid the lower test SNR point and the test point corresponding to 70% throughput of follow PMI is more beneficial for CSI-RS based estimation for 8x4 PMI test. So it is proposed to use 64QAM1/2 instead of 16QAM1/2 for PMI test with 1 layer.
Proposal1: Use 64QAM1/2 for PMI test with 1 layer.
· High rank
According to the discussion in last meeting, three options for PMI test with high rank can be considered as below:

· Option 1: Legacy test methodology using FRC targeting
· Option 2: New test method using follow CQI targeting

· Option 3: Convert the existing demodulation 4x4 to 8x4
PMI test requirement for 4Rx is to verify PMI reporting accuracy performance under 4Rx antenna scenario. In order to separate the gain of CQI feedback and PMI feedback, it is not necessary to test PMI requirement with follow CQI in DL 4Rx. The test methodology with fixed MCS should also be used for high rank test.

Proposal2: Use fixed MCS for PMI test with high rank.

Figure 5 and figure 6 show the simulation results for PMI reporting with 3 and 4 layers, respectively.
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Figure 5 PMI reporting performance for TM9 3 layers
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Figure 6 PMI reporting performance for TM9 4 layers
From figure 5 and figure 6, the gain of feedback PMI for both 3 and 4 layers significantly decrease compared with 1 layer. Further, the gain of 3 layers is larger than 4 layers. So we propose to define PMI test with 3 layers for high rank requirement. And the test point reuses 70 % of maximum throughput of follow PMI

Proposal3: Define PMI test with 3 layers for high rank requirement and reuse 70 % of maximum throughput of follow PMI as test point.
3. Conclusion
In this contribution, we provide the simulation results and analysis for 4Rx PMI reporting requirements. And according to these results and analysis, the following proposals are shown:

Proposal1: Use 64QAM1/2 for PMI test with 1 layer.

Proposal2: Use fixed MCS for PMI test with high rank.
Proposal3: Define PMI test with 3 layers for high rank requirement and reuse 70 % of maximum throughput of follow PMI as test point.
4. Reference
[1] R4-161238, Meeting minutes for 4Rx ad hoc for RRM sessions, Ericsson
