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1. Introduction

In RAN4#78bis meeting, the way forward [1] for 4Rx CQI reporting were approved and the relevant test cases and test parameters were finally agreed. In this contribution, we provide the simulation results for these 4Rx CQI tests.
2. Simulation results
2.1 AWGN CQI
Table 1 shows simulation results for AWGN CQI reporting with TM1 1layer and 1x4 antenna configuration.

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

	-3
	6
	20%
	80%
	0
	0
	0.2479
	1

	-2
	6
	0
	100%
	0
	0
	0
	1

	-1
	7
	0.17%
	99.83%
	0
	0
	0.0088
	1

	0
	7
	0
	96.33%
	3.67%
	0
	0
	1

	1
	8
	0
	100%
	0
	0
	0
	1

	2
	8
	0
	100%
	0
	0
	0
	1

	3
	9
	0
	100%
	0
	0
	0.0046
	1

	4
	9
	0
	99.83%
	0.17%
	0
	0
	0.6887

	5
	10
	0
	100%
	0
	0
	0
	1

	6
	10
	0
	100%
	0
	0
	0
	1

	7
	11
	0
	100%
	0
	0
	0.0029
	1

	8
	11
	0
	100%
	0
	0
	0
	1

	9
	12
	0
	100%
	0
	0
	0.0179
	1

	10
	12
	0
	76%
	24%
	0
	0
	0.5792


Table 2 shows simulation results for AWGN CQI reporting with TM9 2 layers and 4x4 antenna configuration. 

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

	SNR (dB)
	Index of Median CQI1
	Reporting proportion of CQI
	BLER

	
	
	Median

CQI1 -1
	Median CQI1
	Median CQI1 +1
	Median CQI -1
	Median CQI 
	Median CQI +1

	0
	6
	0.5%
	99.5%
	0
	0
	0.5219
	1

	1
	6
	0
	56.8%
	43.2%
	0
	
	1

	2
	7
	1.3%
	98.5%
	0.2%
	0
	0.5682
	1

	3
	8
	35.5%
	64.5%
	0
	0.0059
	1
	1

	4
	8
	0
	100%
	0
	0
	0.0023
	1

	5
	8
	0
	96.3%
	3.7%
	0
	0
	1

	6
	9
	0
	99.2%
	0
	0
	0.1520
	1

	7
	9
	0
	100%
	0
	0
	0
	1

	8
	9
	0
	85.83%
	14.17%
	0
	0
	0.3246

	9
	10
	0
	100%
	0
	0
	0
	0.7975

	10
	11
	0.17%
	99.83%
	0
	0
	0.0185
	1

	11
	11
	0
	100%
	0
	0
	0
	0.9619

	12
	12
	0
	100%
	0
	0
	0.0031
	1

	13
	12
	0
	100%
	0
	0
	0
	0.8531

	14
	13
	2.17%
	97.83%
	0
	0
	0.2479
	1

	15
	13
	0
	100%
	0
	0
	0.0002
	0.6925


Table 3 shows the simulation results for AWGN CQI reporting with TM4 4 layers and 4x4 antenna configuration.  
Table 3: AWGN CQI reporting for TM4 4 layers (4x4)
	SNR (dB)
	Index of Median CQI1
	Reporting proportion of CQI codeword #1
	BLER for both codeword 

#1 and #2

	
	
	Median

CQI1 -1
	Median CQI1 -1
	Median CQI1
	Median CQI -1
	Median CQI
	Median CQI +1

	0
	4
	2.5%
	97.5%
	0
	0
	0
	1

	1
	4
	0
	100%
	0
	0
	0
	0.7888

	2
	5
	0
	100%
	0
	0
	0
	7

	3
	5
	0
	100%
	0
	0
	0
	0.8425

	4
	6
	0
	100%
	0
	0
	0
	1

	5
	6
	0
	100%
	0
	0
	0
	0.5275

	6
	7
	0
	100%
	0
	0
	0
	1

	7
	7
	0
	99.67%
	0.33%
	0
	0
	0.2625

	8
	8
	0
	100%
	0
	0
	0
	1

	9
	9
	40.83%
	59.17%
	0
	0
	0.0067
	1

	10
	9
	0
	100%
	0
	0
	0
	1

	11
	10
	0
	100%
	0
	0
	0
	1

	12
	10
	0
	100%
	0
	0
	0
	1

	13
	11
	0
	100%
	0
	0
	0.0123
	1

	14
	11
	0
	100%
	0
	0
	0
	0.8763

	15
	12
	0
	100%
	0
	0
	0
	1


Table 4 shows the simulation results for AWGN CQI reporting with TM9 3 layers and 4x4 antenna configuration (FDD).
Table 4: AWGN CQI reporting for TM9 3 layers (FDD 4x4)
	SNR (dB)
	Index of Median CQI1
	Reporting proportion of CQI codeword #1
	Index of Median CQI2
	Reporting proportion of CQI codeword #2
	BLER for both codeword 

#1 and #2

	
	
	
	
	
	Median CQI -1
	Median CQI
	Median CQI +1

	0
	5
	100%
	5
	100%
	0
	0.2757
	1

	1
	5
	100%
	6
	100%
	0
	0.0048
	0.5869

	2
	6
	100%
	6
	100%
	0
	0
	1

	3
	6
	100%
	6
	100%
	0
	0
	1

	4
	7
	100%
	6
	100%
	0
	0.5
	0.9981

	5
	7
	100%
	7
	100%
	0
	0
	0.4130

	6
	8
	100%
	8
	100%
	0
	0
	1

	7
	8
	100%
	8
	100%
	0
	0
	0.9281

	8
	9
	100%
	9
	100%
	0
	0
	1

	9
	9
	100%
	9
	100%
	0
	0
	1

	10
	9
	100%
	9
	100%
	0
	0
	1

	11
	9
	100%
	9
	100%
	0
	0
	0.1965

	12
	11
	100%
	11
	100%
	0
	0
	1

	13
	11
	100%
	11
	100%
	0
	0
	0.2698

	14
	12
	100%
	12
	100%
	0
	0.0010
	0.9958

	15
	12
	100%
	12
	100%
	0
	0
	0.3625


Table 5 shows the simulation results for AWGN CQI reporting with TM9 3 layers and 8x4 antenna configuration (TDD).
Table 5: AWGN CQI reporting for TM9 3 layers (TDD 8x4)

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

#1 and #2

	
	
	
	
	
	Median CQI -1
	Median CQI
	Median CQI +1

	0
	6
	100%
	6
	100%
	0
	0.0629
	1

	1
	7
	100%
	6
	100%
	0
	0.4968
	1

	2
	7
	100%
	6
	100%
	0
	0
	0.5612

	3
	8
	100%
	7
	100%
	0
	0.2351
	1

	4
	8
	100%
	8
	100%
	0
	0.2064
	1

	5
	9
	100%
	8
	100%
	0
	0
	0.9875

	6
	9
	100%
	9
	100%
	0
	0.0005
	1

	7
	9
	100%
	9
	100%
	0
	0
	1

	8
	9
	100%
	9
	100%
	0
	0
	0.7525

	9
	11
	100%
	9
	100%
	0
	0.0003
	1

	10
	11
	100%
	11
	100%
	0
	0.3828
	0.5062

	11
	12
	100%
	11
	100%
	0
	0.0002
	0.8641

	12
	12
	100%
	12
	100%
	0
	0
	0.5578

	13
	13
	100%
	12
	100%
	0
	0
	1

	14
	13
	100%
	13
	100%
	0
	0.0005
	0.9786

	15
	14
	100%
	14
	100%
	0
	0.1352
	1


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

· TM1 1layer: 0, 1 dB and 6, 7 dB
· TM9 2layer: 1, 2 dB and 7, 8 dB
· TM4 4layer: 7, 8 dB and 13, 14 dB
· TM9 3layer: 7, 8 dB and 13, 14 dB for FDD; 4, 5 dB and 10, 11 dB for TDD.
2.2 Fading CQI

Figure 1 and 2 show the throughput performance with follow CQI under fading condition for TM1 and TM9, respectively. 
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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 some possible 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 case 
	BLER of interference case

	TM1
	-4
	3.41
	0.1490

	
	-2
	2.81
	0.1433

	TM9
	-4
	3.27
	0.1535

	
	-2
	2.58
	0.1506


From the simulation results, it can be considered to use the existing test point i.e. -2dB and  =1.6 for 4Rx fading CQI tests with type-A receiver.
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: 0, 1 dB and 6, 7 dB

· TM9 2layer: 1, 2 dB and 7, 8 dB

· TM4 4layer: 7, 8 dB and 13, 14 dB
· TM9 3layer: 7, 8 dB and 13, 14 dB for FDD; 4, 5 dB and 10, 11 dB for TDD.
And for fading CQI tests, it can be considered to use the existing test point i.e. -2dB and  =1.6 as the minimum requirement.
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