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1. Introduction

In RAN4#78 meeting, CQI reporting requirements on 4Rx were further discussed and the following test cases were confirmed:
· AWGN

· CRS Rank 1: TM1 based on  9.2.1.1 & 9.2.1.2

· CSI-RS Rank 1: TM9 based on  9.2.3.1 & 9.2.3.2 

· CRS Rank 3 and/or 4: TM4 based on 9.2.2.1 & 9.2.2.2

· CSI-RS Rank 3 or 4: TM9 based on 9.2.3.1 & 9.2.3.2

· Fading

· CRS Rank 1: TM1. Based on 9.3.5.1

· CSI-RS Rank 1. TM9, Based on 9.3.5.2

In this contribution, we provide the simulation results for these 4Rx CQI test cases.
2. Simulation results
2.1 AWGN CQI
Table 1 shows simulation results for AWGN CQI reporting with TM1 1layer and 1x4 antenna configuration. The simulation parameters are based on section 9.2.1.1.

Table 1: AWGN CQI reporting for TM1 1 layer (1x4)

	SNR (dB)
	Index of Median CQI
	Reporting proportion of CQI
	BLER

	
	
	Median CQI -1
	Median CQI
	Median CQI +1
	Median CQI -1
	Median CQI 
	Median CQI +1

	-4
	5
	0
	100%
	0
	0
	0
	1

	-2
	6
	0
	100%
	0
	0
	0
	1

	0
	7
	0
	96.33%
	3.67%
	0
	0
	1

	2
	8
	0
	100%
	0
	0
	0
	1

	4
	9
	0
	99.83%
	0.17%
	0
	0
	0.6887

	6
	10
	0
	100%
	0
	0
	0
	1

	8
	11
	0
	100%
	0
	0
	0
	1

	10
	12
	0
	76%
	24%
	0
	0
	0.5792

	12
	14
	0.3%
	99.7%
	0
	0
	0.0371
	1

	14
	14
	0
	100%
	0
	0
	0
	1

	16
	14
	0
	100%
	0
	0
	0
	0.5688


Table 2 shows simulation results for AWGN CQI reporting with TM9 1layer and 4x4 antenna configuration. The simulation parameters are based on section 9.2.3.1.

Table 2: AWGN CQI reporting for TM9 1 layer (4x4)

	SNR (dB)
	Index of Median CQI
	Reporting proportion of CQI
	BLER

	
	
	Median CQI -1
	Median CQI
	Median CQI +1
	Median CQI -1
	Median CQI 
	Median CQI +1

	-4
	5
	0
	92.24%
	7.76%
	0
	0
	1

	-2
	6
	0
	90.2%
	9.8%
	0
	0
	1

	0
	7
	0
	88.58%
	11.42%
	0
	0
	0.9883

	2
	8
	0
	97.7%
	2.3%
	0
	0
	1

	4
	9
	0
	98.3%
	1.7%
	0
	0
	1

	6
	10
	0
	77.5%
	22.5%
	0
	0
	0.7504

	8
	11
	0
	81.83%
	18.17%
	0
	0
	0.7663

	10
	12
	0
	100%
	0
	0
	0.0004
	0.7525

	12
	13
	0
	100%
	0
	0
	0
	0.2650

	14
	14
	0
	100%
	0
	0
	0
	0.7462

	16
	15
	0
	100%
	-
	0
	0
	-


Table 3 and 4 show the simulation results for AWGN CQI reporting with TM4 3layers and 4x4 antenna configuration. The simulation parameters are based on section 9.2.2.1. It is noted that 3-layer CQI reporting is different from the 2/4-layer CQI tests. In 3 layers transmission, two codewords are mapped to three layers, namely, the first codeword is mapped to one layer and the second codeword is mapped to two layers. Thus, in AWGN CQI reporting, the size of data block and the practical code rate between the first codeword and the second codeword are different. So there is a more possibility for 3-layer test than 2/4-layer test to select different CQI for two codewords.   
Table 3: Reported CQI index for TM4 3 layers under AWGN (4x4)
	SNR (dB)
	Index of Median CQI1
	Reporting proportion of CQI codeword #1
	Index of Median CQI2
	Reporting proportion of CQI codeword #2

	
	
	Median

CQI1 -1
	Median CQI1
	Median CQI1 +1
	
	Median

CQI2 -1
	Median CQI2
	Median CQI2 +1

	0
	4
	0
	100%
	0
	4
	0
	99.83%
	0.17%

	2
	5
	0
	100%
	0
	5
	0
	98.83%
	1.17%

	4
	7
	0
	91%
	0
	6
	0
	72.83%
	27.17%

	6
	8
	33.67%
	66.33%
	0
	8
	7.83%
	92.17%
	0

	8
	9
	0.5%
	99.5%
	0
	9
	0
	100%
	0

	10
	10
	0
	100%
	0
	10
	0
	100%
	0

	12
	11
	0
	100%
	0
	11
	0
	100%
	0

	14
	12
	0
	100%
	0
	12
	0
	100%
	0

	16
	13
	0
	100%
	0
	13
	0
	100%
	0

	18
	14
	0
	100%
	0
	14
	0
	100%
	0


Table 4: BLER of TM4 3 layers
	SNR

(dB)
	BLER for both codeword #1 and #2

	
	Median CQI -1
	Median CQI
	Median CQI +1

	0
	0
	0
	0.4556

	2
	0
	0
	0.2561

	4
	0
	0
	0.5881

	6
	0
	0.0032
	1

	8
	0
	0.0010
	1

	10
	0
	0
	1

	12
	0
	0.0021
	1

	14
	0
	0.0002
	1

	16
	0
	0
	1

	18
	0
	0.0177
	1


Table 5 and 6 show the simulation results for AWGN CQI reporting with TM9 4 layers and 4x4 antenna configuration. The simulation parameters are based on section 9.2.3.1.

Table 5: Reported CQI index for TM9 4 layers under AWGN (4x4)

	SNR (dB)
	Index of Median CQI1
	Reporting proportion of CQI codeword #1
	Index of Median CQI2
	Reporting proportion of CQI codeword #2

	
	
	Median

CQI1 -1
	Median CQI1
	Median CQI1 +1
	
	Median

CQI2 -1
	Median CQI2
	Median CQI2 +1

	0
	4
	46.17%
	53.83%
	0
	4
	48.17%
	51.83%
	0

	2
	5
	35.33%
	64.5%
	0.17%
	5
	37.67%
	62.17%
	0.16%

	4
	6
	0
	100%
	0
	6
	0
	100%
	0

	6
	7
	41.33%
	58.67%
	0
	7
	48.17%
	51.83%
	0

	8
	8
	0
	100%
	0
	8
	0
	100%
	0

	10
	9
	0
	100%
	0
	9
	0
	100%
	0

	12
	9
	0
	100%
	0
	9
	0
	100%
	0

	14
	11
	0
	100%
	0
	11
	0
	100%
	0

	16
	12
	0
	100%
	0
	12
	0
	100%
	0

	18
	14
	0
	100%
	0
	14
	0
	100%
	0

	20
	14
	0
	100%
	0
	14
	0
	100%
	0


Table 6: BLER of TM9 4layers

	SNR

(dB)
	BLER for both codeword #1 and #2

	
	Median CQI -1
	Median CQI
	Median CQI +1

	0
	0
	0
	1

	2
	0
	0
	0.99

	4
	0
	0
	1

	6
	0
	0.0142
	1

	8
	0
	0
	1

	10
	0
	0
	1

	12
	0
	0
	0.8479

	14
	0
	0
	0.9906

	16
	0
	0
	0.7506

	18
	0
	0.2458
	1

	20
	0
	0
	0.9998


Based on these simulation results, we propose the following SNR requirements for AWGN CQI tests:

· TM1 1layer: low SNR group 0, 1 dB and high SNR group 6, 7 dB
· TM9 1layer: low SNR group 1, 2 dB and high SNR group 7, 8 dB
· TM4 3layer: low SNR group 8, 9 dB and high SNR group 14, 15 dB
· TM9 4layer: low SNR group 7, 8 dB and high SNR group 13, 14 dB
2.2 Fading CQI

Figure 1 and 2 show the throughput performance with follow CQI under fading condition for TM1 and TM9, respectively. The simulation parameters are based on section 9.3.5.1 and 9.3.5.2.
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Figure 1 Throughput for fading CQI reporting with TM1
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Figure 2 Throughput for fading CQI reporting with TM9
Table 7 shows the required results at the existing test SINR for fading CQI reporting.
Table 7: Simulation results for fading CQI test

	Test case
	SINR (dB)
	Throughput ratio of interference case and 
whiten noise
	BLER of interference case

	TM1
	-2
	2.86
	0.0822

	TM9
	-2
	2.69
	0.0793


From the simulation results, the existing test point and minimum requirement in 9.3.5.1 and 9.3.5.2 can be reused for 4Rx fading CQI test.
3. Conclusion
In this contribution, we provide the simulation results for 4Rx CQI reporting requirements. For AWGN CQI tests, we propose the following SNR requirements:
· TM1 1layer: low SNR group 0, 1 dB and high SNR group 6, 7 dB

· TM9 1layer: low SNR group 1, 2 dB and high SNR group 7, 8 dB

· TM4 3layer: low SNR group 8, 9 dB and high SNR group 14, 15 dB
· TM9 4layer: low SNR group 7, 8 dB and high SNR group 13, 14 dB
And for fading CQI tests, the existing test point and minimum requirement in 9.3.5.1 and 9.3.5.2 can be reused.
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