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1
Introduction 
In the last meeting, it was agreed that 4 tests cases will be specified for CQI definition test and 2 test cases for CQI fading test. In this paper, we provide the corresponding simulation results.
2
4RX CQI Definition Test
The agreement made during the 4RX adhoc session [1] in the last meeting is captured below:

· 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
According to the discussion on the RAN4 Email reflector, most companies are fine to change the CSI-RS Rank 1 test case to CSI-RS Rank 2. As a result, we will simulate this one test case with Rank 2 for FDD.
Table 1, 2 and 3 provide the simulation results of CRS Rank 1, 3 and 4, respectively.

Table 1 Simulation results: CRS Rank 1

	　
	　
	Prob in  [mCQI-1, mCQI+1]
	BLER 

	SNR
	mCQI
	
	mCQI-1
	mCQI
	mCQI+1

	-5
	5
	1
	0.00
	0.01
	1.00

	-4
	6
	1
	0.00
	0.26
	0.86

	-3
	6
	1
	0.00
	0.00
	1.00

	-2
	6
	1
	0.00
	0.06
	0.43

	-1
	7
	1
	0.00
	0.00
	1.00

	0
	7
	1
	0.00
	0.00
	0.06

	1
	8
	1
	0.00
	0.00
	1.00

	2
	8
	1
	0.00
	0.00
	0.99

	3
	9
	1
	0.00
	0.00
	0.95

	4
	9
	1
	0.00
	0.00
	0.34

	5
	10
	1
	0.00
	0.00
	1.00

	6
	10
	1
	0.00
	0.00
	1.00

	7
	11
	1
	0.00
	0.00
	1.00

	8
	11
	1
	0.00
	0.00
	1.00

	9
	12
	1
	0.00
	0.03
	0.95

	10
	12
	1
	0.00
	0.00
	0.97

	11
	13
	1
	0.00
	0.00
	1.00

	12
	13
	1
	0.00
	0.30
	0.99


Table 2 Simulation results: CRS Rank 3

	
	CW-0
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-0
	CW-1
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-1

	SNR
	medium
	
	mCQI-1
	mCQI
	mCQI+1
	medium
	
	mCQI-1
	mCQI
	mCQI+1

	0
	5
	1
	0.00
	0.00
	1.00
	5
	1
	0.00
	0.00
	1.00

	1
	5
	1
	0.00
	0.07
	0.98
	5
	1
	0.00
	0.02
	1.00

	2
	6
	1
	0.00
	0.00
	1.00
	6
	1
	0.00
	0.00
	1.00

	3
	6
	1
	0.00
	0.00
	0.95
	6
	1
	0.00
	0.00
	0.99

	4
	7
	1
	0.00
	0.00
	0.99
	7
	1
	0.00
	0.00
	1.00

	5
	7
	1
	0.00
	0.00
	0.88
	7
	1
	0.00
	0.00
	0.99

	6
	8
	1
	0.00
	0.00
	0.96
	8
	1
	0.00
	0.00
	0.99

	7
	8
	1
	0.00
	0.00
	0.60
	8
	1
	0.00
	0.00
	0.86

	8
	9
	1
	0.00
	0.00
	0.80
	9
	1
	0.00
	0.00
	0.88

	9
	9
	1
	0.00
	0.00
	0.00
	9
	1
	0.00
	0.00
	0.00

	10
	10
	1
	0.00
	0.00
	0.85
	10
	1
	0.00
	0.00
	0.92

	11
	10
	1
	0.00
	0.00
	0.98
	10
	1
	0.00
	0.00
	0.89

	12
	11
	1
	0.00
	0.00
	0.66
	11
	1
	0.00
	0.00
	0.72

	13
	11
	1
	0.00
	0.00
	0.75
	11
	1
	0.00
	0.00
	1.00

	14
	11
	1
	0.00
	0.00
	0.33
	11
	1
	0.00
	0.00
	0.28

	15
	12
	1
	0.00
	0.00
	0.00
	12
	1
	0.00
	0.00
	0.00

	16
	12
	1
	0.00
	0.00
	0.23
	12
	1
	0.00
	0.00
	0.17

	17
	13
	1
	0.00
	0.00
	1.00
	13
	1
	0.00
	0.00
	1.00


Table 3 Simulation results: CRS Rank 4

	
	CW-0
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-0
	CW-1
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-1

	SNR
	medium
	
	mCQI-1
	mCQI
	mCQI+1
	medium
	
	mCQI-1
	mCQI
	mCQI+1

	0
	4
	1
	0.00
	0.00
	1.00
	4
	1
	0.00
	0.00
	1.00

	1
	5
	1
	0.00
	0.00
	0.66
	5
	1
	0.00
	0.00
	0.63

	2
	5
	1
	0.00
	0.00
	1.00
	5
	1
	0.00
	0.00
	1.00

	3
	6
	1
	0.00
	0.00
	0.73
	6
	1
	0.00
	0.00
	0.74

	4
	6
	1
	0.00
	0.00
	1.00
	6
	1
	0.00
	0.00
	1.00

	5
	6
	1
	0.00
	0.00
	0.34
	6
	1
	0.00
	0.00
	0.34

	6
	7
	1
	0.00
	0.00
	1.00
	7
	1
	0.00
	0.00
	1.00

	7
	7
	1
	0.00
	0.00
	0.17
	7
	1
	0.00
	0.00
	0.17

	8
	8
	1
	0.00
	0.00
	1.00
	8
	1
	0.00
	0.00
	1.00

	9
	8
	1
	0.00
	0.00
	0.03
	8
	1
	0.00
	0.00
	0.03

	10
	9
	1
	0.00
	0.00
	1.00
	9
	1
	0.00
	0.00
	1.00

	11
	9
	1
	0.00
	0.00
	0.05
	9
	1
	0.00
	0.00
	0.05

	12
	10
	1
	0.00
	0.00
	1.00
	10
	1
	0.00
	0.00
	1.00

	13
	10
	1
	0.00
	0.00
	0.01
	10
	1
	0.00
	0.00
	0.00

	14
	11
	1
	0.00
	0.00
	1.00
	11
	1
	0.00
	0.00
	1.00

	15
	11
	1
	0.00
	0.00
	0.03
	11
	1
	0.00
	0.00
	0.03

	16
	12
	1
	0.00
	0.00
	0.48
	12
	1
	0.00
	0.00
	0.48

	17
	12
	1
	0.00
	0.00
	0.00
	12
	1
	0.00
	0.00
	0.00

	18
	13
	1
	0.00
	0.00
	0.82
	13
	1
	0.00
	0.00
	0.85

	19
	13
	1
	0.00
	0.00
	1.00
	13
	1
	0.00
	0.00
	1.00


Table 4, 5 and 6 provide the simulation results of CSI-RS Rank 2, 3 and 4, respectively.

Table 4 Simulation results: CSI-RS Rank 2
	
	CW-0
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-0
	CW-1
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-1

	SNR
	medium
	
	mCQI-1
	mCQI
	mCQI+1
	medium
	
	mCQI-1
	mCQI
	mCQI+1

	0
	5
	1
	0.00
	0.17
	0.94
	5
	1
	0.00
	0.17
	0.94

	1
	6
	1
	0.00
	0.00
	0.94
	6
	1
	0.00
	0.00
	0.94

	2
	6
	1
	0.00
	0.06
	0.95
	6
	1
	0.00
	0.06
	0.95

	3
	7
	1
	0.00
	0.00
	0.91
	7
	1
	0.00
	0.00
	0.92

	4
	7
	1
	0.00
	0.01
	0.19
	7
	1
	0.00
	0.01
	0.19

	5
	8
	1
	0.00
	0.00
	0.95
	8
	1
	0.00
	0.00
	0.94

	6
	8
	1
	0.00
	0.01
	0.43
	8
	1
	0.00
	0.01
	0.43

	7
	9
	1
	0.00
	0.00
	0.97
	9
	1
	0.00
	0.00
	0.97

	8
	9
	1
	0.00
	0.03
	0.98
	9
	1
	0.00
	0.03
	0.98

	9
	10
	1
	0.00
	0.00
	0.48
	10
	1
	0.00
	0.00
	0.49

	10
	10
	1
	0.00
	0.00
	0.19
	10
	1
	0.00
	0.00
	0.19

	11
	11
	1
	0.00
	0.00
	0.95
	11
	1
	0.00
	0.00
	0.96

	12
	11
	1
	0.00
	0.00
	0.01
	11
	1
	0.00
	0.00
	0.01

	13
	12
	1
	0.00
	0.00
	0.61
	12
	1
	0.00
	0.00
	0.64

	14
	12
	1
	0.00
	0.00
	0.01
	12
	1
	0.00
	0.00
	0.01

	15
	13
	1
	0.00
	0.00
	1.00
	13
	1
	0.00
	0.00
	1.00

	16
	13
	1
	0.00
	0.08
	0.71
	13
	1
	0.00
	0.08
	0.72


Table 5 Simulation results: CSI-RS Rank 3

	
	CW-0
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-0
	CW-1
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-1

	SNR
	medium
	
	mCQI-1
	mCQI
	mCQI+1
	medium
	
	mCQI-1
	mCQI
	mCQI+1

	0
	4
	1
	0.00
	0.02
	0.77
	4
	1
	0.00
	0.00
	0.82

	1
	5
	1
	0.00
	0.00
	0.64
	5
	1
	0.00
	0.01
	0.75

	2
	5
	1
	0.00
	0.00
	0.11
	5
	1
	0.00
	0.00
	0.10

	3
	6
	1
	0.00
	0.00
	0.94
	6
	1
	0.00
	0.00
	0.98

	4
	6
	1
	0.00
	0.02
	1.00
	6
	1
	0.00
	0.00
	1.00

	5
	7
	1
	0.00
	0.48
	0.96
	7
	1
	0.00
	0.64
	0.99

	6
	7
	1
	0.00
	0.00
	0.14
	7
	1
	0.00
	0.00
	0.27

	7
	8
	1
	0.00
	0.00
	0.84
	8
	1
	0.00
	0.00
	0.97

	8
	8
	1
	0.00
	0.00
	0.24
	8
	1
	0.00
	0.00
	0.64

	9
	9
	1
	0.00
	0.00
	0.97
	9
	1
	0.00
	0.00
	0.99

	10
	9
	1
	0.00
	0.01
	1.00
	9
	1
	0.00
	0.00
	1.00

	11
	10
	1
	0.00
	0.99
	1.00
	10
	1
	0.00
	1.00
	1.00

	12
	10
	1
	0.00
	0.20
	0.20
	10
	1
	0.00
	0.38
	0.38

	13
	11
	1
	0.00
	0.00
	0.79
	11
	1
	0.00
	0.00
	0.96

	14
	11
	1
	0.00
	0.00
	0.25
	11
	1
	0.00
	0.00
	0.66

	15
	12
	1
	0.00
	0.00
	0.94
	12
	1
	0.00
	0.00
	0.98

	16
	12
	1
	0.00
	0.00
	0.66
	12
	1
	0.00
	0.00
	0.77

	17
	12
	1
	0.00
	0.00
	0.42
	12
	1
	0.00
	0.05
	0.49

	18
	13
	1
	0.00
	0.00
	0.25
	13
	1
	0.00
	0.00
	0.80


Table 6 Simulation results: CSI-RS Rank 4

	
	CW-0
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-0
	CW-1
	Prob in [mCQI-1, mCQI+1]
	BLER of CW-1

	SNR
	medium
	
	mCQI-1
	mCQI
	mCQI+1
	medium
	
	mCQI-1
	mCQI
	mCQI+1

	0
	3
	1
	0.00
	0.02
	0.39
	3
	1
	0.00
	0.02
	0.38

	1
	4
	1
	0.00
	0.00
	0.93
	4
	1
	0.00
	0.00
	0.95

	2
	4
	1
	0.00
	0.05
	0.36
	4
	1
	0.00
	0.05
	0.41

	3
	5
	1
	0.00
	0.00
	0.40
	5
	1
	0.00
	0.00
	0.41

	4
	6
	1
	0.00
	0.00
	0.59
	6
	1
	0.00
	0.00
	0.62

	5
	6
	1
	0.00
	0.00
	0.98
	6
	1
	0.00
	0.00
	0.98

	6
	6
	1
	0.00
	0.36
	0.98
	6
	1
	0.00
	0.28
	0.98

	7
	7
	1
	0.00
	0.01
	0.84
	7
	1
	0.00
	0.01
	0.85

	8
	8
	1
	0.00
	0.00
	0.69
	8
	1
	0.00
	0.00
	0.72

	9
	8
	1
	0.00
	0.00
	0.74
	8
	1
	0.00
	0.00
	0.74

	10
	9
	1
	0.00
	0.01
	0.52
	9
	1
	0.00
	0.00
	0.56

	11
	9
	1
	0.00
	0.00
	0.98
	9
	1
	0.00
	0.00
	0.98

	12
	10
	1
	0.00
	0.74
	0.98
	10
	1
	0.00
	0.55
	0.98

	13
	10
	1
	0.00
	0.94
	0.94
	10
	1
	0.00
	0.96
	0.96

	14
	10
	1
	0.00
	0.07
	0.17
	10
	1
	0.00
	0.07
	0.14

	15
	11
	1
	0.00
	0.00
	0.77
	11
	1
	0.00
	0.00
	0.77

	16
	11
	1
	0.00
	0.01
	0.22
	11
	1
	0.00
	0.01
	0.20

	17
	12
	1
	0.00
	0.00
	0.97
	12
	1
	0.00
	0.00
	0.96

	18
	12
	1
	0.00
	0.00
	0.74
	12
	1
	0.00
	0.00
	0.73

	19
	13
	1
	0.00
	0.02
	0.93
	13
	1
	0.00
	0.03
	0.92

	20
	13
	1
	0.00
	0.01
	0.48
	13
	1
	0.00
	0.02
	0.52


In general, all legacy tests can be extended for 4RX. For the concern of the total test number, we suggest to remove one of the Rank 3 and 4 test cases for both CRS and CSI-RS test cases. Regarding the SNR test points, we think it will be beneficial to choose the SNR that UE will report CQI value around {#6(QPSK), #7(16QAM)} and {#9(16QAM), #10(64QAM)} for a good coverage of the used modulation levels. In summary, our suggestion of the final test case would be (for FDD only):
1. CRS Rank 1: TM1, at SNRs {-2,-1} and {4,5}

2. CSI-RS Rank 2: TM9, at SNRs {2,3} and {8,9}

3. CSI-RS Rank 2: TM9, at SNRs {4,5} and {10,11}

4. CRS Rank 4: TM4, at SNRs {5,6} and {11,12}

Proposal 1: Rank and SNR suggestions for the CQI definition test cases (FDD)

1. CRS Rank 1: TM1, at SNRs {-2,-1} and {4,5}

2. CSI-RS Rank 2: TM9, at SNRs {2,3} and {8,9}

3. CSI-RS Rank 2: TM9, at SNRs {4,5} and {10,11}

4. CRS Rank 4: TM4, at SNRs {5,6} and {11,12}

3
4RX CQI Fading Test
The agreement made during the 4RX adhoc session [1] is captured below:
· CRS Rank 1: TM1. Based on 9.3.5.1

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

The 4RX simulation results of the throughput curves and the corresponding throughput ratio for 9.3.5.1.1 are provided in Figures 1 and 2, respective, while Figures 3 and 4 give the results for 9.3.5.2.1. According to the results, we can see a clear gap between the performance of IRC with Cell 2 interference and that with AWGN only. For examples, the throughput ratio is larger than 2 for SINR<3 dB for TM1 case and for SINR<0 dB for TM9 case. To allow sufficient margin, we think it is better to adopt the SINR point at -3 or -4 dB, while the minimum requirement gamma can be further studied.
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Figure 1 Throughput curves of 9.3.5.1.1 with 4RX (X-axis: SINR(dB))
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Figure 2 Throughput ratio of 9.3.5.1.1 with 4RX (X-axis: SINR(dB))
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Figure 3 Throughput curves of 9.3.5.2.1 with 4RX (X-axis: SINR(dB))
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Figure 4 Throughput ratio of 9.3.5.2.1 with 4RX (X-axis: SINR(dB))
Proposal 2: For 4RX CQI fading test, adopt the SINR point at -3 or -4 dB, while the minimum requirement gamma can be further studied.
4
Summary 
In this contribution, we provide simulation results for CQI definition and fading tests. Based on the simulation results, we propose:
Proposal 1: Rank and SNR suggestions for the CQI definition test cases (FDD)

1. CRS Rank 1: TM1, at SNRs {-2,-1} and {4,5}

2. CSI-RS Rank 2: TM9, at SNRs {2,3} and {8,9}

3. CSI-RS Rank 2: TM9, at SNRs {4,5} and {10,11}

4. CRS Rank 4: TM4, at SNRs {5,6} and {11,12}

Proposal 2: For 4RX CQI fading test, adopt the SINR point at -3 or -4 dB, while the minimum requirement gamma can be further studied.
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