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1. Introduction
In RAN4 #78, RAN4 discussed CQI test requirement for 4 Rx UE and agreed to introduce CQI definition test in AWGN channel [1]. 

· Following CQI tests are confirmed:

· 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

In this contribution, we provide simulation results for CQI definition test for 4 Rx UE to determine test configuration and performance requirement metric. 
2. Simulation results
2.1. TM1 test

TM1 CQI definition test for 2 Rx UE is specified in 9.2.1.1 for FDD and 9.2.1.2 for TDD. Test configuration for FDD is shown in table 1. Test can be adapted to 4 Rx UE by changing antenna configuration from 1x2 to 1x4 and adjusting SNR test point. Simulation results are summarized in table 2. 

Table 1. CQI definition test for TM1 rank 1 (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	(
	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 4)

	SNR (Note 2)
	dB
	-3
	-2
	3
	4
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	 dB[mW/15kHz]
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6


Table 2. Simulation results for TM1 CQI definition test

	CINR (dB)
	Median CQI (%)
	Prob of {medCQI-1, medCQI, medCQI+1} 
	BLER for median CQI -1 (%)
	BLER for median CQI (%)
	BLER for median CQI +1 (%)

	-10
	2
	100 %
	0
	0.0255
	100

	-9
	2
	100 %
	0
	0
	47

	-8
	3
	100 %
	0
	0
	100

	-7
	3
	100 %
	0
	0
	68.1

	-6
	4
	100 %
	0
	0.0255
	100

	-5
	4
	100 %
	0
	0
	8.19

	-4
	5
	100 %
	0
	0
	100

	-3
	6
	100 %
	0
	0.995
	100

	-2
	6
	100 %
	0
	0
	100

	-1
	7
	100 %
	0
	0.319
	100

	0
	7
	100 %
	0
	0
	100

	1
	8
	100 %
	0
	0.051
	100

	2
	8
	100 %
	0
	0
	100

	3
	9
	100 %
	0
	45.1
	100

	4
	9
	100 %
	0
	0
	100

	5
	10
	100 %
	0
	0.0383
	100

	6
	10
	100 %
	0
	0
	100

	7
	11
	100 %
	0
	83.3
	100

	8
	11
	100 %
	0
	0.0128
	100

	9
	12
	100 %
	0
	100
	100

	10
	12
	100 %
	0
	1.52
	100

	11
	13
	100 %
	0
	69.5
	100

	12
	13
	100 %
	0
	0.0128
	100

	13
	13
	100 %
	0
	0
	83.5

	14
	14
	100 %
	0
	0
	0.268

	15
	15
	100 %
	0
	0
	


From simulation results, we can observe that 
· UE reports CQI within {median CQI–1, median CQI, median CQI +1} 100% of time. 

· At all CINR test points, if the PDSCH BLER for median CQI is less than or equal to 0.1, the BLER for (median CQI + 1) is greater than 0.1 and, if the PDSCH BLER for the median CQI is greater than 0.1, the BLER for (median CQI – 1) shall be less than or equal to 0.1.
Therefore, we can reuse same test metric as existing CQI definition test for 2 Rx UE. For CINR test point, we would like to propose to lower it by 3dB. 
Proposal 1. Specify TM1 CQI definition test for 4 Rx UE at CINR {-3dB, -2dB} and {3dB, 4dB} while using same test metric as existing TM1 CQI definition test for 2 Rx UE. 

2.2. TM9 rank 2 test

TM9 rank 2 CQI definition test for 2 Rx UE is specified in 9.2.3.1 for FDD and 9.2.3.2 for TDD. Test configuration for FDD is shown in table 3. Test can be adapted to 4 Rx UE by changing antenna configuration from 4x2 static channel to 4x4 static channel and adjusting SNR test point. Simulation results are summarized in table 4. 

From simulation results, we can observe that 

· UE reports CQI within {median CQI–1, median CQI, median CQI +1} 100% of time. 

· At very low CINR and very high CINR, 4 Rx UE cannot meet BLER requirement. But we still can find CINR test points that can meet BLER requirements. 
Table 3. CQI definition test for TM9 rank 2 (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
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	dB
	-3

	
	(
	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	CSI reference signal configuration
	
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (4 x 4)

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000

	SNR (Note 2)
	dB
	5
	6
	11
	12
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	dB[mW/15kHz]
	-93
	-92
	-87
	-86
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note3)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	1


Table 4. Simulation results for TM9 rank 2 CQI definition test

	CINR (dB)
	Median CQI (%)
	Prob of {medCQI-1, medCQI, medCQI+1} 
	BLER for median CQI -1 (%)
	BLER for median CQI (%)
	BLER for median CQI +1 (%)

	-6
	3
	100 %
	91.8
	100
	100

	-5
	3
	100 %
	0.318
	100
	100

	-4
	4
	100 %
	23.9
	100
	100

	-3
	4
	100 %
	0.183
	6.68
	100

	-2
	5
	100 %
	0
	99.4
	100

	-1
	5
	100 %
	0
	0
	100

	0
	5
	100 %
	0
	0
	99.8

	1
	6
	100 %
	0
	0
	100

	2
	6
	100 %
	0
	0
	99.4

	3
	7
	100 %
	0
	0
	100

	4
	7
	100 %
	0
	0
	2.22

	5
	8
	100 %
	0
	0
	100

	6
	8
	100 %
	0
	0
	51.9

	7
	9
	100 %
	0
	0
	100

	8
	9
	100 %
	0
	0
	89.8

	9
	10
	100 %
	0
	0
	100

	10
	10
	100 %
	0
	0
	64.3

	11
	11
	100 %
	0
	0.0472
	100

	12
	11
	100 %
	0
	0
	46.9

	13
	12
	100 %
	0
	0.0708
	100

	14
	12
	100 %
	0
	0
	100

	15
	13
	100 %
	0
	0.472
	100

	16
	13
	100 %
	0
	0
	7.02

	17
	14
	100 %
	0
	0.0472
	0.613

	18
	15
	100 %
	0
	0
	


We can reuse same test metric as existing CQI definition test for 2 Rx UE. For CINR test point, we would like to propose to lower it by 2dB. 

Proposal 2. Specify TM9 rank 2 CQI definition test for 4 Rx UE at CINR {5dB, 6dB} and {11dB, 12dB} while using same test metric as existing TM9 rank 2 CQI definition test for 2 Rx UE. 

2.3. TM4 rank 4 test 

For rank 3/4 CQI definition test, specific rank for CQI definition test was not agreed in [1]. Defining rank 3 and rank 4 CQI definition test for both TM4 and TM9 would be redundant. It would be sufficient to define one TM4 test and one TM9 test to verify rank 3/4 CQI reporting of 4 Rx UE. 
Proposal 3. Introduce TM4 rank 4 CQI definition test and TM9 rank 3 CQI definition test. 

TM4 rank 4 CQI definition test can be defined based on TM4 rank 2 definition test specified in 9.2.2.1 for FDD and in 9.2.2.2 for TDD. Test configuration for FDD is shown in table 5. Test can be adapted to 4 Rx UE by changing antenna configuration from 4x2 static channel to 4x4 static channel, modifying codebook subset restriction and adjusting SNR test point. Codebook subset restriction bitmap is chosen as “0x0002 0000 0000 0000” to provide same SNR on 4 layers when combined with 4x4 static channel. Note that, for rank 4 transmission, both CW0 and CW1 are mapped to 2 layer instead of one layer. Therefore, new CQI to MCS mapping table should be defined for 2 layer CW. Table 6 shows CQI to MCS mapping table. Simulation results are summarized in table 7. 

Proposal 4. For TM4 rank 4 CQI definition test, specify Codebook subset restriction bitmap “0x0002 0000 0000 0000” and new CQI to MCS mapping table for 2 layer CW. 
From simulation results, we can observe that 

· UE reports CQI within {median CQI–1, median CQI, median CQI +1} 100% of time. 

· At all CINR test points, if the PDSCH BLER for median CQI is less than or equal to 0.1, the BLER for (median CQI + 1) is greater than 0.1 and, if the PDSCH BLER for the median CQI is greater than 0.1, the BLER for (median CQI – 1) shall be less than or equal to 0.1.
We can reuse same test metric as existing CQI definition test for 2 Rx UE. For CINR test point, we would like to propose {5dB, 6dB} and {11dB, 12dB}. 

Proposal 5. Specify TM4 rank 4 CQI definition test for 4 Rx UE at CINR {5dB, 6dB} and {11dB, 12dB} while using same test metric as existing TM9 rank 2 CQI definition test for 2 Rx UE. 

Table 5. CQI definition test for TM4 rank 4 (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	-3
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	dB
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (4 x 4)

	CodeBookSubsetRestriction bitmap
	
	0x0002 0000 0000 0000

	SNR (Note 2)
	dB
	5
	6
	11
	12
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	dB[mW/15kHz]
	-88
	-87
	-82
	-81
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigIndex
	
	1 (Note 3)


Table 6. CQI to MCS mapping table for TM4 rank 4 CQI definition test
	CQI
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	MCS 1L 
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27

	MCS 2L
	0
	2
	4
	6
	8
	11
	13
	15
	17
	20
	21
	23
	25
	27


Table 7. Simulation results for TM4 rank 4 CQI definition test

	CINR (dB)
	Median CQI (%)
	Prob of {medCQI-1, medCQI, medCQI+1} 
	BLER for median CQI -1 (%)
	BLER for median CQI (%)
	BLER for median CQI +1 (%)

	-2
	3
	100 %
	0
	0
	100

	-1
	4
	100 %
	0
	1.2
	100

	0
	4
	100 %
	0
	0
	100

	1
	5
	100 %
	0
	0.0446
	100

	2
	5
	100 %
	0
	0
	100

	3
	6
	100 %
	0
	2.07
	100

	4
	6
	100 %
	0
	0
	100

	5
	7
	100 %
	0
	0.134
	100

	6
	7
	100 %
	0
	0
	100

	7
	8
	100 %
	0
	0.115
	100

	8
	8
	100 %
	0
	0
	100

	9
	9
	100 %
	0
	0.0638
	100

	10
	9
	100 %
	0
	0
	24.4

	11
	10
	100 %
	0
	0
	100

	12
	10
	100 %
	0
	0
	100

	13
	11
	100 %
	0
	0.0574
	100

	14
	11
	100 %
	0
	0
	65.8

	15
	12
	100 %
	0
	0
	100

	16
	12
	100 %
	0
	0
	99.3

	17
	13
	100 %
	0
	0
	100

	18
	13
	100 %
	0
	0
	100

	19
	14
	100 %
	0
	0.804
	100

	20
	15
	100 %
	
	100
	100


2.4. TM9 rank 3 test 

TM9 rank 3 CQI definition test can be defined based on TM9 rank 2 definition test specified in 9.2.3.1 for FDD and in 9.2.3.2 for TDD. Test configuration for FDD is shown in table 8. Test can be adapted to 4 Rx UE by changing antenna configuration from 4x2 static channel to 4x4 static channel, modifying codebook subset restriction and adjusting SNR test point. Codebook subset restriction bitmap is chosen as “0x0000 0002 0000 0000” to provide same SNR on 3 layers when combined with 4x4 static channel. Note that, for rank 3 transmission, CW0 is mapped to 1 layer and CW1 is mapped to 2 layer. Therefore, separate CQI to MCS mapping table should be defined for CW0 and CW1. Table 9 shows CQI to MCS mapping. For 1 layer CW, MCS.5 is used. Simulation results are summarized in table 10. 

Proposal 6. For TM9 rank 3 CQI definition test, specify Codebook subset restriction bitmap “0x0000 0020 0000 0000” and separate CQI to MCS mapping table for CW 0 and CW 1.  
Table 8. CQI definition test for TM9 rank 3 (FDD) 
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
	
[image: image14.wmf]A

r


	dB
	0

	
	
[image: image15.wmf]B

r


	dB
	0

	
	
[image: image16.wmf]c

P


	dB
	-3

	
	(
	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	CSI reference signal configuration
	
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (4 x 4)

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	0x0000 0002 0000 0000

	SNR (Note 2)
	dB
	7
	8
	13
	14
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	dB[mW/15kHz]
	-91
	-90
	-85
	-84
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note3)

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	1


Table 9. CQI to MCS mapping table for TM9 rank 3 CQI definition test
	CQI
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	MCS 1L 
	0
	2
	3
	5
	7
	10
	12
	14
	17
	19
	21
	23
	24
	25

	MCS 2L
	0
	1
	3
	5
	7
	10
	12
	14
	17
	19
	21
	22
	24
	25


Table 10. Simulation results for TM9 rank 3 CQI definition test

	CINR (dB)
	Median CQI (%)
	Prob of {medCQI-1, medCQI, medCQI+1} 
	BLER for median CQI -1 (%)
	BLER for median CQI (%)
	BLER for median CQI +1 (%)

	-4
	2
	100 %
	
	0.0893
	99.9

	-3
	2
	100 %
	
	0
	63.7

	-2
	3
	100 %
	0
	0
	22.1

	-1
	3
	100 %
	0
	0
	85.2

	0
	4
	100 %
	0
	0
	100

	1
	5
	100 %
	0
	0
	100

	2
	5
	100 %
	0
	0
	100

	3
	6
	100 %
	0
	0.0319
	100

	4
	6
	100 %
	0
	0
	100

	5
	7
	100 %
	0
	0.0191
	100

	6
	7
	100 %
	0
	0
	100

	7
	8
	100 %
	0
	0
	100

	8
	8
	100 %
	0
	0
	100

	9
	9
	100 %
	0
	33.5
	100

	10
	9
	100 %
	0
	0
	100

	11
	10
	100 %
	0
	25.5
	100

	12
	10
	100 %
	0
	0
	100

	13
	11
	100 %
	0
	38.4
	100

	14
	11
	100 %
	0
	0
	100

	15
	12
	100 %
	0
	19.5
	100

	16
	12
	100 %
	0
	0
	100

	17
	13
	100 %
	0
	35.5
	100

	18
	13
	100 %
	0
	0
	100

	19
	14
	100 %
	0
	45.5
	100

	20
	14
	100 %
	0
	2.1
	100

	21
	14
	100 %
	0
	0
	100

	22
	15
	100 %
	0
	55.7
	100


From simulation results, we can observe that 

· UE reports CQI within {median CQI–1, median CQI, median CQI +1} 100% of time. 

· At all CINR test points, if the PDSCH BLER for median CQI is less than or equal to 0.1, the BLER for (median CQI + 1) is greater than 0.1 and, if the PDSCH BLER for the median CQI is greater than 0.1, the BLER for (median CQI – 1) shall be less than or equal to 0.1.
We can reuse same test metric as existing CQI definition test for 2 Rx UE. For CINR test point, we would like to propose {5dB, 6dB} and {11dB, 12dB}. 

Proposal 7. Specify TM9 rank 3 CQI definition test for 4 Rx UE at CINR {5dB, 6dB} and {11dB, 12dB} while using same test metric as existing TM9 rank 2 CQI definition test for 2 Rx UE. 

3. Conclusions

In this contribution, we provided simulation results for CQI definition test for 4 Rx UE. Our proposals are
Proposal 1. Specify TM1 CQI definition test for 4 Rx UE at CINR {-3dB, -2dB} and {3dB, 4dB} while using same test metric as existing TM1 CQI definition test for 2 Rx UE. 

Proposal 2. Specify TM9 rank 2 CQI definition test for 4 Rx UE at CINR {5dB, 6dB} and {11dB, 12dB} while using same test metric as existing TM9 rank 2 CQI definition test for 2 Rx UE. 

Proposal 3. Introduce TM4 rank 4 CQI definition test and TM9 rank 3 CQI definition test. 

Proposal 4. For TM4 rank 4 CQI definition test, specify Codebook subset restriction bitmap “0x0002 0000 0000 0000” and new CQI to MCS mapping table for 2 layer CW. 
Proposal 5. Specify TM4 rank 4 CQI definition test for 4 Rx UE at CINR {5dB, 6dB} and {11dB, 12dB} while using same test metric as existing TM9 rank 2 CQI definition test for 2 Rx UE. 

Proposal 6. For TM9 rank 3 CQI definition test, specify Codebook subset restriction bitmap “0x0000 0020 0000 0000” and separate CQI to MCS mapping table for CW 0 and CW 1.  

Proposal 7. Specify TM9 rank 3 CQI definition test for 4 Rx UE at CINR {5dB, 6dB} and {11dB, 12dB} while using same test metric as existing TM9 rank 2 CQI definition test for 2 Rx UE. 
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