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Introduction
RAN4 needs to study the CSI-RS measurement requirements for L3 mobility, including measurement period, CSI-RSRP measurement accuracy and the corresponding side condition. Based on the simulation assumptions in RAN4 email discussion, we provide the simulation results and analysis for CSI-RS based measurements in NR.
Discussion
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In this section, we provide the simulation results of CSI-RSRP measurement accuracy with different measurement bandwidth. The results in Tables 1-2 show 5%, 50% and 95% CDF of the delta measurements of CSI-RSRP.
Table 1: Delta measurements of measured CSI-RSRP (24RBs)
	SCS=15kHz

	Propagation condition
	Samples
	Density = 1
	Density = 3

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	AWGN
	3
	-2.80
	-0.29
	1.47
	2.51
	1.76
	-1.34
	-0.08
	1.00
	1.26
	1.08

	
	5
	-2.16
	-0.36
	1.11
	1.80
	1.48
	-1.13
	-0.06
	0.76
	1.08
	1.82

	
	10
	-1.49
	-0.24
	0.73
	1.25
	0.97
	-0.81
	-0.13
	0.50
	0.68
	0.63

	EPA5
	3
	-3.38
	-0.32
	1.63
	3.06
	1.95
	-1.68
	-0.11
	1.05
	1.57
	1.16

	
	5
	-2.45
	-0.23
	1.30
	2.22
	1.53
	-1.25
	-0.13
	0.84
	1.12
	0.97

	
	10
	-1.55
	-0.33
	0.79
	1.22
	1.12
	-0.85
	-0.06
	0.57
	0.79
	0.63

	ETU30
	3
	-5.03
	-1.42
	0.77
	3.61
	2.19
	-2.19
	-0.60
	0.47
	1.59
	1.07

	
	5
	-3.86
	-1.33
	0.28
	2.53
	1.61
	-1.75
	-0.54
	0.39
	1.21
	0.93

	
	10
	-2.70
	-1.27
	-0.09
	1.43
	1.18
	-1.30
	-0.54
	0.14
	0.76
	0.68

	ETU70
	3
	-4.87
	-1.21
	0.75
	3.66
	1.96
	-1.99
	-0.60
	0.66
	1.39
	1.26

	
	5
	-3.84
	-1.34
	0.50
	2.50
	1.84
	-1.81
	-0.53
	0.37
	1.28
	0.90

	
	10
	-2.88
	-1.24
	-0.01
	1.64
	1.23
	-1.30
	-0.54
	0.11
	0.76
	0.65

	SCS=30KHz

	Propagation condition
	Samples
	Density = 1
	Density = 3

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	AWGN
	3
	-2.79
	-0.31
	1.39
	2.48
	1.71
	-1.45
	-0.09
	0.89
	1.36
	0.98

	
	5
	-2.13
	-0.24
	1.15
	1.89
	1.39
	-1.04
	-0.09
	0.70
	0.95
	0.79

	
	10
	-1.53
	-0.25
	0.73
	1.28
	0.97
	-0.76
	-0.09
	0.52
	0.67
	0.61

	EPA5
	3
	-3.80
	-0.38
	1.54
	3.42
	1.92
	-1.74
	-0.12
	1.06
	1.62
	1.18

	
	5
	-2.47
	-0.27
	1.27
	2.20
	1.54
	-1.27
	-0.07
	0.84
	1.10
	0.91

	
	10
	-1.61
	-0.26
	0.77
	1.35
	1.03
	-0.84
	-0.11
	0.60
	0.73
	0.71

	SCS= 60KHz

	Propagation condition
	Samples
	Density = 1
	Density = 3

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	AWGN
	3
	-2.85
	-0.23
	1.47
	2.61
	1.71
	-1.39
	-0.13
	0.96
	1.26
	1.09

	
	5
	-2.16
	-0.32
	1.08
	1.84
	1.41
	-1.14
	-0.08
	0.78
	1.06
	0.86

	
	10
	-1.49
	-0.29
	0.80
	1.20
	1.09
	-0.76
	-0.09
	0.53
	0.67
	0.62

	EPA5
	3
	-3.26
	-0.39
	1.49
	2.87
	1.88
	-1.47
	-0.10
	0.98
	1.37
	1.08

	
	5
	-2.15
	-0.34
	1.16
	1.81
	1.50
	-1.18
	-0.14
	0.77
	1.04
	0.91

	
	10
	-1.52
	-0.29
	0.76
	1.23
	1.05
	-0.77
	-0.11
	0.56
	0.66
	0.67

	TDL-A 83Hz
	3
	-3.21
	-0.30
	1.56
	2.91
	1.86
	-1.55
	-0.14
	1.03
	1.41
	1.17

	
	5
	-2.27
	-0.32
	1.25
	1.95
	1.57
	-1.16
	-0.12
	0.74
	1.04
	0.86

	
	10
	-1.49
	-0.32
	0.77
	1.17
	1.09
	-0.76
	-0.07
	0.58
	0.69
	0.65

	TDL-C 83Hz
	3
	-3.20
	-0.46
	1.33
	2.74
	1.79
	-1.42
	-0.11
	0.97
	1.31
	1.08

	
	5
	-2.32
	-0.35
	1.10
	1.96
	1.45
	-1.10
	-0.07
	0.84
	1.03
	0.91

	
	10
	-1.68
	-0.35
	0.64
	1.33
	0.99
	-0.78
	-0.09
	0.55
	0.69
	0.64

	SCS= 120KHz

	Propagation condition
	Samples
	Density = 1
	Density = 3

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	TDL-A 83Hz
	3
	-3.88
	-0.76
	1.27
	3.12
	2.03
	-1.61
	-0.09
	0.95
	1.52
	1.04

	
	5
	-2.78
	-0.70
	0.73
	2.08
	1.43
	-1.12
	-0.12
	0.69
	1.00
	0.81

	
	10
	-2.09
	-0.68
	0.36
	1.41
	1.04
	-0.79
	-0.08
	0.58
	0.71
	0.66

	TDL-C 83Hz
	3
	-3.37
	-0.48
	1.34
	2.89
	1.81
	-1.52
	-0.11
	1.05
	1.41
	1.16

	
	5
	-2.56
	-0.58
	0.93
	1.98
	1.51
	-1.12
	-0.08
	0.76
	1.04
	0.84

	
	10
	-1.83
	-0.47
	0.58
	1.36
	1.05
	-0.77
	-0.09
	0.55
	0.68
	0.64



Table 2: Delta measurements of measured CSI-RSRP (48RBs/96RBs)
	SCS=15kHz

	Propagation condition
	Samples
	48RBs (Density = 1)
	96RBs (Density = 1)

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	AWGN
	3
	-1.85
	-0.17
	1.15
	1.67
	1.32
	-1.18
	-0.08
	0.86
	1.10
	0.94

	
	5
	-1.38
	-0.15
	0.87
	1.23
	1.02
	-0.91
	-0.07
	0.67
	0.84
	0.74

	
	10
	-1.00
	-0.14
	0.60
	0.86
	0.74
	
	
	
	
	

	EPA5
	3
	-2.10
	-0.17
	1.29
	1.93
	1.46
	-1.28
	-0.07
	0.92
	1.20
	0.99

	
	5
	-1.48
	-0.15
	0.95
	1.33
	1.10
	-0.97
	0.08
	0.69
	0.89
	0.77

	
	10
	-1.06
	-0.16
	0.63
	0.90
	0.79
	
	
	
	
	

	ETU30
	3
	-3.28
	-1.12
	1.41
	2.16
	1.53
	-2.54
	-1.03
	0.11
	1.51
	1.14

	
	5
	-2.74
	-1.10
	0.13
	1.64
	1.23
	-2.15
	-1.02
	-0.13
	1.13
	0.89

	
	10
	-2.17
	-1.11
	-0.22
	1.06
	0.89
	
	
	
	
	

	ETU70
	3
	-3.39
	-1.15
	0.39
	2.24
	1.54
	-2.50
	-1.04
	0.12
	1.46
	1.16

	
	5
	-2.73
	-1.11
	0.09
	1.62
	1.20
	-2.12
	-1.03
	-0.12
	1.09
	0.90

	
	10
	-2.18
	-1.11
	-0.23
	1.07
	0.88
	
	
	
	
	

	SCS=30KHz

	Propagation condition
	Samples
	48RBs (Density = 1)
	96RBs (Density = 1)

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	AWGN
	3
	-1.89
	-0.16
	1.14
	1.73
	1.30
	-1.18
	-0.09
	0.86
	1.09
	0.95

	
	5
	-1.36
	-0.15
	0.90
	1.21
	1.05
	-0.94
	-0.08
	0.65
	0.85
	0.73

	
	10
	-0.99
	-0.14
	0.59
	0.85
	0.73
	
	
	
	
	

	EPA5
	3
	-1.98
	-0.18
	1.21
	1.80
	1.39
	-1.29
	-0.11
	0.89
	1.18
	1.00

	
	5
	-1.47
	-0.17
	0.89
	1.30
	1.06
	-0.97
	-0.10
	0.67
	0.87
	0.77

	
	10
	-1.00
	-0.14
	0.61
	0.86
	0.75
	
	
	
	
	

	SCS= 60KHz

	Propagation condition
	Samples
	48RBs (Density = 1)
	96RBs (Density = 1)

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	AWGN
	3
	-1.80
	-0.16
	1.16
	1.64
	1.32
	-1.19
	-0.08
	0.86
	1.12
	0.94

	
	5
	-1.37
	-0.14
	0.89
	1.23
	1.03
	-0.92
	-0.07
	0.68
	0.85
	0.75

	
	10
	-0.98
	-0.15
	0.59
	0.83
	0.74
	
	
	
	
	

	EPA5
	3
	-1.98
	-0.21
	1.16
	1.76
	1.37
	-1.33
	-0.13
	0.87
	1.20
	1.00

	
	5
	-1.46
	-0.18
	0.88
	1.28
	1.06
	-1.00
	-0.11
	0.65
	0.89
	0.76

	
	10
	-1.05
	-0.18
	0.57
	0.87
	0.75
	
	
	
	
	

	TDL-A 83Hz
	3
	-2.03
	-0.18
	1.20
	1.85
	1.38
	-1.26
	-0.09
	0.90
	1.17
	0.99

	
	5
	-1.48
	-0.13
	0.96
	1.35
	1.09
	-0.94
	-0.08
	0.67
	0.86
	0.75

	
	10
	-1.01
	-0.14
	0.62
	0.87
	0.75
	
	
	
	
	

	TDL-C 83Hz
	3
	-2.14
	-0.24
	1.13
	1.90
	1.37
	-1.38
	-0.16
	0.83
	1.22
	0.99

	
	5
	-1.50
	-0.20
	0.86
	1.30
	1.06
	-1.05
	-0.15
	0.60
	0.90
	0.76

	
	10
	-1.07
	-0.21
	0.56
	0.86
	0.77
	
	
	
	
	

	SCS= 120KHz

	Propagation condition
	Samples
	48RBs (Density = 1)
	96RBs (Density = 1)

	
	
	5%
	50%
	95%
	50% - 5%
	95% -50%
	5%
	50%
	95%
	50% - 5%
	95% -50%

	TDL-A 83Hz
	3
	-2.52
	-0.50
	0.91
	2.02
	1.41
	-1.81
	-0.43
	0.60
	1.38
	1.03

	
	5
	-1.91
	-0.49
	0.64
	1.42
	1.12
	-1.40
	-0.41
	0.36
	0.99
	0.78

	
	10
	-1.40
	-0.47
	0.33
	0.94
	0.80
	
	
	
	
	

	TDL-C 83Hz
	3
	-2.27
	-0.36
	1.00
	1.91
	1.36
	-1.49
	-0.27
	0.75
	1.22
	1.01

	
	5
	-1.65
	-0.34
	0.74
	1.31
	1.08
	-1.18
	-0.26
	0.52
	0.92
	0.78

	
	10
	-1.24
	-0.34
	0.45
	0.90
	0.79
	
	
	
	
	



Summary
The simulation results of CSI-RSRP measurement performance with 24RBs measurement bandwidth (Density=1/3) are provided in Table 1. The simulation results of CSI-RSRP measurement performance with 48 RBs/96RBs measurement bandwidth (Density=1) are provided in Table 2.
It can be observed that the CSI-RSRP measurement accuracy is impacted by measurement bandwidth, CSI-RS resource density and the number of measurement samples.
Observation 1: When measurement bandwidth is 24RBs, compared with density=3, there is 1~2dB performance loss of CSI-RS based measurements with density=1.
Observation 2: There would bring 1~2dB performance gain for CSI-RS based measurements by increasing measurement bandwidth from 24RBs to 48RBs.
Observation 3: When CSI-RS is configured with density=1, the CSI-RSRP measurement accuracy by using 10 measurement samples are within 2dB.
Observation 4: When CSI-RS is configured with density=3, the CSI-RSRP measurements accuracies by using 3 measurement samples are within 2dB for both FR1 and FR2.
The CSI-RS based L3 measurement requirements could be derived from the existing SSB based L3 measurement requirements. The current accuracy requirements for SSB based measurements and the side condition can be reused for CSI-RS based measurement. In order to achieve the same measurement accuracy performance, more measurement samples shall be used for filtering when a sparser CSI-RS resource is configured or when a smaller measurement bandwidth is used.
Proposal 1: The CSI-RS based measurement period for L3 mobility can be determined by both CSI-RS resource density and measurement bandwidth, which can be expressed in Table 3.
Table 3: TCSI-RS_measurement_period for different configurations
	Configuration
	Measurement bandwidth [RB]
	CSI-RS resource Density
	TCSI-RS_measurement_Period

	0
	≥24
	1
	[10]*CSI-RS period

	1
	≥96
	1
	[5]*CSI-RS period

	2
	≥24
	3
	[5]*CSI-RS period



Conclusions
This contribution provides the simulation results and the analysis on the CSI-RS based measurements requirements in NR. The followings are provided:
Observation 1: When measurement bandwidth is 24RBs, compared with density=3, there is 1~2dB performance loss of CSI-RS based measurements with density=1.
Observation 2: There would bring 1~2dB performance gain for CSI-RS based measurements by increasing measurement bandwidth from 24RBs to 48RBs.
Observation 3: When CSI-RS is configured with density=1, the CSI-RSRP measurement accuracy by using 10 measurement samples are within 2dB.
Observation 4: When CSI-RS is configured with density=3, the CSI-RSRP measurements accuracies by using 3 measurement samples are within 2dB for both FR1 and FR2.
Proposal 1: The CSI-RS based measurement period for L3 mobility can be determined by both CSI-RS resource density and measurement bandwidth, which can be expressed in Table 3.
Table 3: TCSI-RS_measurement_period for different configurations
	Configuration
	Measurement bandwidth [RB]
	CSI-RS resource Density
	TCSI-RS_measurement_Period

	0
	≥24
	1
	10 measurement samples

	1
	≥96
	1
	5 measurement samples

	2
	≥24
	3
	5 measurement samples
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