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1 Introduction
In RAN4 #76s meeting, simulation assumptions for LAA RSRP and RSRQ measurements were agreed [1]. In this contribution, we provide our simulation results based on the agreed assumptions.
2 Simulation assumptions

The link level simulation assumptions for RSRP and RSRQ are shown in Table 1.

Table 1: Simulation parameters for measurement in LAA

	Parameters
	Value
	Comments

	Measurement bandwidth
	6, 25,50RBs
	RSRP measured over 6, 25,50 RBs

	System bandwidth
	50 resource blocks
	

	DMTC (Discovery signal Measurement Timing Configuration)
	160ms
	

	DRS occasion duration
	12 symbols
	The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)
· DRS occasion duration is 12 symbols [1]

	DRS availability
	-
	DRS is present in all DRS occasions

	L1 measurement 
	i*160 ms, where

· i=1 (single shot) 

· i=2 and i=3 (multi-shot)
	

	L3 filtering
	Disabled
	

	Transmit antenna
	1 and 2
	The number of transmit antennas in DRS and outside DRS is the same.

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	Baseline: AWGN, EPA5, ETU30
	

	CP Length
	Normal
	

	Frequency band
	5GHz
	

	Ês/Iot
	-6,-5,-4, -3,-2,-1 dB
	


The performance metrics are:

· RSRP measurement accuracy : Delta RSRP = (estimated RSRP – ideal RSRP) 


· RSRQ measurement accuracy: Delta RSRQ = (estimated RSRQ – ideal RSRQ)

3 Simulation Results
Based on the simulation assumptions in Section 2, Tables 1, 2 and 3 show the results for the RSRP/RSRQ measurements over 1, 2 and 3 shots, respectively.
	Table 1 Performance of LAA RSRP/RSRQ measurements, 1 shot( i.e. measurement period = 160ms)
　
	6PRB
	25PRB
	50PRB

	　
	　
	SINR
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ

	1Tx
	AWGN
	-6
	2.63
	2.59
	2.66
	2.53
	1.65
	1.47
	1.66
	1.46
	1.04
	0.98
	1.08
	0.99

	
	
	-5
	2.63
	2.42
	2.47
	2.28
	1.42
	1.27
	1.37
	1.23
	0.88
	0.83
	0.88
	0.81

	
	
	-4
	2.39
	2.14
	2.35
	2.08
	1.18
	1.07
	1.12
	1.03
	0.74
	0.70
	0.73
	0.68

	
	
	-3
	2.14
	1.89
	2.10
	1.84
	0.97
	0.90
	0.94
	0.87
	0.64
	0.60
	0.62
	0.58

	
	
	-2
	1.89
	1.66
	1.84
	1.60
	0.82
	0.77
	0.80
	0.74
	0.54
	0.51
	0.53
	0.49

	
	
	-1
	1.64
	1.45
	1.60
	1.38
	0.70
	0.67
	0.71
	0.65
	0.47
	0.45
	0.45
	0.42

	
	EPA5
	-6
	4.59
	3.20
	3.32
	2.32
	4.24
	3.50
	2.73
	2.56
	3.78
	3.04
	2.52
	2.26

	
	
	-5
	4.48
	3.47
	2.89
	2.34
	4.21
	3.55
	2.49
	2.46
	3.72
	3.04
	2.30
	2.13

	
	
	-4
	4.39
	3.59
	2.60
	2.36
	4.21
	3.70
	2.51
	2.38
	3.72
	3.04
	2.09
	2.00

	
	
	-3
	4.34
	3.78
	2.33
	2.32
	4.20
	3.69
	2.43
	2.21
	3.71
	3.04
	1.88
	1.85

	
	
	-2
	4.29
	3.86
	2.44
	2.24
	4.19
	3.67
	2.33
	2.05
	3.68
	3.04
	1.76
	1.71

	
	
	-1
	4.31
	3.93
	2.50
	2.15
	4.19
	3.69
	2.22
	1.89
	3.67
	3.04
	1.69
	1.58

	
	ETU30
	-6
	3.98
	2.88
	2.96
	2.23
	2.78
	2.33
	2.00
	1.87
	2.08
	1.85
	1.54
	1.53

	
	
	-5
	3.79
	2.95
	2.59
	2.21
	2.77
	2.34
	1.79
	1.78
	2.07
	1.83
	1.47
	1.42

	
	
	-4
	3.66
	3.11
	2.28
	2.22
	2.70
	2.31
	1.69
	1.64
	2.01
	1.81
	1.43
	1.31

	
	
	-3
	3.59
	3.18
	2.41
	2.19
	2.59
	2.31
	1.64
	1.53
	2.00
	1.79
	1.42
	1.23

	
	
	-2
	3.54
	3.20
	2.45
	2.07
	2.52
	2.27
	1.61
	1.43
	1.99
	1.79
	1.36
	1.14

	
	
	-1
	3.47
	3.26
	2.43
	1.94
	2.54
	2.24
	1.53
	1.30
	1.99
	1.77
	1.31
	1.04

	2Tx
	AWGN
	-6
	1.95
	1.80
	1.90
	1.77
	1.16
	1.07
	1.10
	1.04
	0.76
	0.71
	0.75
	0.69

	
	
	-5
	1.68
	1.67
	1.70
	1.66
	0.97
	0.90
	0.93
	0.87
	0.65
	0.60
	0.63
	0.58

	
	
	-4
	1.56
	1.49
	1.58
	1.48
	0.84
	0.78
	0.80
	0.74
	0.55
	0.51
	0.54
	0.49

	
	
	-3
	1.43
	1.33
	1.40
	1.29
	0.73
	0.67
	0.68
	0.63
	0.46
	0.43
	0.45
	0.41

	
	
	-2
	1.23
	1.15
	1.22
	1.10
	0.63
	0.57
	0.57
	0.52
	0.39
	0.37
	0.39
	0.35

	
	
	-1
	1.07
	1.00
	1.05
	0.95
	0.54
	0.50
	0.48
	0.44
	0.35
	0.32
	0.33
	0.30

	
	EPA5
	-6
	3.82
	2.34
	2.93
	1.79
	3.24
	2.39
	2.30
	1.83
	2.77
	2.11
	2.05
	1.67

	
	
	-5
	3.66
	2.40
	2.61
	1.75
	3.18
	2.42
	2.09
	1.72
	2.77
	2.16
	1.90
	1.59

	
	
	-4
	3.55
	2.52
	2.33
	1.70
	3.15
	2.44
	1.91
	1.64
	2.74
	2.15
	1.73
	1.48

	
	
	-3
	3.43
	2.58
	2.12
	1.70
	3.10
	2.44
	1.73
	1.57
	2.72
	2.14
	1.58
	1.41

	
	
	-2
	3.35
	2.57
	1.95
	1.65
	3.06
	2.42
	1.56
	1.50
	2.71
	2.12
	1.46
	1.32

	
	
	-1
	3.26
	2.57
	1.78
	1.58
	3.05
	2.46
	1.43
	1.43
	2.70
	2.17
	1.30
	1.19

	
	ETU30
	-6
	3.21
	2.09
	2.51
	1.67
	1.98
	1.77
	1.46
	1.43
	1.39
	1.36
	1.19
	1.09

	
	
	-5
	3.10
	2.24
	2.19
	1.69
	1.92
	1.76
	1.43
	1.36
	1.35
	1.34
	1.20
	1.05

	
	
	-4
	3.05
	2.38
	1.89
	1.67
	1.87
	1.74
	1.40
	1.27
	1.37
	1.33
	1.21
	0.99

	
	
	-3
	2.99
	2.43
	1.70
	1.66
	1.86
	1.72
	1.41
	1.20
	1.37
	1.32
	1.19
	0.92

	
	
	-2
	2.97
	2.49
	1.70
	1.60
	1.85
	1.71
	1.34
	1.11
	1.37
	1.32
	1.15
	0.85

	
	
	-1
	2.91
	2.51
	1.76
	1.55
	1.82
	1.70
	1.30
	1.04
	1.39
	1.31
	1.12
	0.78


	Table 2 Performance of LAA RSRP/RSRQ measurements, 2 shots( i.e. measurement period = 320ms)
　
	6PRB
	25PRB
	50PRB

	　
	　
	SINR
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ

	1Tx
	AWGN
	-6
	2.84
	1.84
	2.85
	1.81
	1.50
	1.08
	1.48
	1.05
	1.01
	0.75
	1.00
	0.73

	
	
	-5
	2.49
	1.65
	2.51
	1.69
	1.30
	0.93
	1.25
	0.90
	0.89
	0.65
	0.86
	0.62

	
	
	-4
	2.19
	1.51
	2.19
	1.48
	1.15
	0.82
	1.10
	0.79
	0.75
	0.55
	0.74
	0.53

	
	
	-3
	1.92
	1.34
	1.90
	1.34
	0.99
	0.71
	0.92
	0.67
	0.66
	0.47
	0.64
	0.46

	
	
	-2
	1.71
	1.23
	1.66
	1.19
	0.84
	0.61
	0.80
	0.57
	0.57
	0.41
	0.55
	0.40

	
	
	-1
	1.51
	1.07
	1.45
	1.06
	0.75
	0.54
	0.71
	0.50
	0.51
	0.35
	0.48
	0.34

	
	EPA5
	-6
	3.69
	2.49
	2.67
	1.87
	3.12
	2.47
	1.93
	1.81
	2.70
	2.24
	1.80
	1.74

	
	
	-5
	3.57
	2.55
	2.35
	1.88
	3.13
	2.55
	1.84
	1.78
	2.69
	2.25
	1.69
	1.68

	
	
	-4
	3.61
	2.63
	2.07
	1.83
	3.15
	2.58
	1.93
	1.73
	2.67
	2.28
	1.72
	1.62

	
	
	-3
	3.53
	2.68
	1.82
	1.72
	3.14
	2.60
	1.93
	1.63
	2.65
	2.28
	1.69
	1.52

	
	
	-2
	3.51
	2.72
	1.74
	1.67
	3.14
	2.62
	1.87
	1.53
	2.66
	2.27
	1.62
	1.40

	
	
	-1
	3.43
	2.75
	1.94
	1.65
	3.13
	2.61
	1.88
	1.45
	2.68
	2.27
	1.52
	1.28

	
	ETU30
	-6
	3.16
	2.00
	2.22
	1.51
	1.89
	1.62
	1.38
	1.34
	1.26
	1.23
	1.22
	1.03

	
	
	-5
	2.94
	2.08
	1.88
	1.49
	1.84
	1.61
	1.41
	1.25
	1.29
	1.25
	1.19
	0.97

	
	
	-4
	2.86
	2.21
	1.60
	1.45
	1.80
	1.59
	1.46
	1.19
	1.26
	1.23
	1.13
	0.89

	
	
	-3
	2.80
	2.28
	1.53
	1.41
	1.72
	1.55
	1.39
	1.10
	1.29
	1.26
	1.13
	0.83

	
	
	-2
	2.76
	2.32
	1.63
	1.31
	1.67
	1.55
	1.37
	1.00
	1.26
	1.25
	1.10
	0.77

	
	
	-1
	2.75
	2.32
	1.72
	1.25
	1.65
	1.53
	1.34
	0.92
	1.26
	1.23
	1.09
	0.72

	2Tx
	AWGN
	-6
	2.41
	1.50
	2.23
	1.40
	1.11
	0.79
	1.09
	0.76
	0.80
	0.58
	0.79
	0.56

	
	
	-5
	2.05
	1.34
	1.94
	1.29
	0.92
	0.68
	0.93
	0.67
	0.68
	0.49
	0.68
	0.48

	
	
	-4
	1.75
	1.19
	1.65
	1.15
	0.80
	0.59
	0.80
	0.58
	0.58
	0.42
	0.58
	0.41

	
	
	-3
	1.51
	1.05
	1.42
	1.01
	0.71
	0.53
	0.68
	0.49
	0.50
	0.35
	0.50
	0.35

	
	
	-2
	1.34
	0.95
	1.24
	0.89
	0.62
	0.46
	0.58
	0.43
	0.44
	0.31
	0.42
	0.30

	
	
	-1
	1.16
	0.84
	1.08
	0.78
	0.53
	0.39
	0.50
	0.36
	0.38
	0.27
	0.36
	0.25

	
	EPA5
	-6
	3.11
	1.79
	2.43
	1.35
	2.39
	1.75
	1.72
	1.33
	2.15
	1.61
	1.45
	1.18

	
	
	-5
	2.99
	1.86
	2.07
	1.33
	2.35
	1.74
	1.58
	1.30
	2.08
	1.61
	1.31
	1.13

	
	
	-4
	2.90
	1.96
	1.80
	1.29
	2.31
	1.75
	1.41
	1.26
	2.02
	1.60
	1.18
	1.07

	
	
	-3
	2.79
	2.00
	1.58
	1.25
	2.29
	1.77
	1.27
	1.17
	1.98
	1.57
	1.07
	1.01

	
	
	-2
	2.66
	2.01
	1.39
	1.19
	2.29
	1.78
	1.12
	1.11
	1.97
	1.57
	0.96
	0.95

	
	
	-1
	2.63
	2.05
	1.23
	1.13
	2.27
	1.76
	1.05
	1.01
	1.96
	1.56
	0.91
	0.88

	
	ETU30
	-6
	2.59
	1.52
	1.96
	1.19
	1.26
	1.17
	1.05
	1.00
	1.09
	0.96
	1.03
	0.78

	
	
	-5
	2.43
	1.58
	1.66
	1.20
	1.20
	1.18
	1.08
	0.95
	1.04
	0.92
	1.02
	0.73

	
	
	-4
	2.27
	1.62
	1.39
	1.16
	1.19
	1.18
	1.14
	0.92
	1.06
	0.91
	0.99
	0.69

	
	
	-3
	2.17
	1.67
	1.16
	1.10
	1.21
	1.19
	1.13
	0.85
	1.06
	0.91
	0.97
	0.64

	
	
	-2
	2.12
	1.72
	1.18
	1.09
	1.22
	1.18
	1.10
	0.79
	1.06
	0.92
	0.96
	0.60

	
	
	-1
	2.07
	1.74
	1.27
	1.07
	1.20
	1.17
	1.08
	0.74
	1.06
	0.92
	0.95
	0.57


	Table 3 Performance of LAA RSRP/RSRQ measurements, 3 shots ( i.e. measurement period = 480ms)
　
	6PRB
	25PRB
	50PRB

	　
	　
	SINR
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ

	1Tx
	AWGN
	-6
	2.54
	1.59
	2.47
	1.51
	1.33
	0.87
	1.27
	0.81
	0.91
	0.59
	0.86
	0.57

	
	
	-5
	2.16
	1.38
	2.10
	1.36
	1.18
	0.77
	1.10
	0.69
	0.79
	0.52
	0.76
	0.51

	
	
	-4
	1.87
	1.23
	1.81
	1.22
	0.96
	0.64
	0.95
	0.61
	0.69
	0.45
	0.65
	0.43

	
	
	-3
	1.65
	1.10
	1.58
	1.09
	0.85
	0.55
	0.80
	0.52
	0.59
	0.39
	0.56
	0.38

	
	
	-2
	1.45
	0.99
	1.37
	0.93
	0.76
	0.49
	0.71
	0.45
	0.50
	0.34
	0.48
	0.33

	
	
	-1
	1.25
	0.87
	1.20
	0.82
	0.66
	0.42
	0.63
	0.40
	0.43
	0.29
	0.40
	0.28

	
	EPA5
	-6
	3.34
	2.10
	2.18
	1.42
	2.66
	2.14
	1.63
	1.54
	2.48
	2.02
	1.52
	1.44

	
	
	-5
	3.21
	2.15
	1.92
	1.44
	2.62
	2.14
	1.60
	1.52
	2.49
	2.05
	1.49
	1.43

	
	
	-4
	3.06
	2.24
	1.58
	1.39
	2.59
	2.15
	1.64
	1.44
	2.49
	2.05
	1.51
	1.36

	
	
	-3
	3.06
	2.34
	1.42
	1.41
	2.61
	2.17
	1.69
	1.37
	2.48
	2.05
	1.52
	1.29

	
	
	-2
	3.03
	2.43
	1.59
	1.37
	2.64
	2.19
	1.66
	1.28
	2.48
	2.04
	1.52
	1.21

	
	
	-1
	2.96
	2.42
	1.62
	1.25
	2.66
	2.22
	1.67
	1.21
	2.48
	2.03
	1.51
	1.14

	
	ETU30
	-6
	2.42
	1.58
	1.75
	1.21
	1.43
	1.24
	1.03
	0.98
	0.97
	0.95
	0.94
	0.79

	
	
	-5
	2.24
	1.61
	1.40
	1.17
	1.38
	1.25
	1.09
	0.94
	0.98
	0.95
	0.99
	0.75

	
	
	-4
	2.11
	1.68
	1.13
	1.11
	1.33
	1.25
	1.13
	0.88
	1.03
	0.98
	1.02
	0.71

	
	
	-3
	2.05
	1.73
	1.37
	1.13
	1.31
	1.25
	1.16
	0.83
	1.04
	1.00
	1.00
	0.65

	
	
	-2
	2.01
	1.76
	1.50
	1.09
	1.31
	1.27
	1.18
	0.77
	1.05
	1.00
	1.00
	0.61

	
	
	-1
	1.95
	1.76
	1.56
	1.03
	1.28
	1.25
	1.16
	0.71
	1.08
	1.01
	0.98
	0.55

	2Tx
	AWGN
	-6
	2.15
	1.24
	2.12
	1.25
	0.88
	0.62
	0.89
	0.62
	0.65
	0.45
	0.63
	0.43

	
	
	-5
	1.82
	1.15
	1.78
	1.15
	0.75
	0.54
	0.73
	0.53
	0.57
	0.39
	0.54
	0.38

	
	
	-4
	1.57
	1.08
	1.52
	1.05
	0.66
	0.48
	0.63
	0.46
	0.49
	0.34
	0.46
	0.31

	
	
	-3
	1.36
	0.95
	1.33
	0.94
	0.59
	0.43
	0.55
	0.40
	0.43
	0.29
	0.38
	0.26

	
	
	-2
	1.19
	0.85
	1.15
	0.82
	0.51
	0.37
	0.46
	0.34
	0.37
	0.26
	0.32
	0.22

	
	
	-1
	1.02
	0.74
	0.99
	0.71
	0.45
	0.32
	0.40
	0.29
	0.33
	0.22
	0.27
	0.19

	
	EPA5
	-6
	2.78
	1.50
	2.25
	1.15
	2.14
	1.51
	1.47
	1.17
	1.90
	1.34
	1.25
	1.00

	
	
	-5
	2.52
	1.51
	1.96
	1.15
	2.07
	1.53
	1.29
	1.10
	1.85
	1.34
	1.15
	0.97

	
	
	-4
	2.39
	1.53
	1.67
	1.14
	2.06
	1.56
	1.13
	1.03
	1.84
	1.35
	1.01
	0.90

	
	
	-3
	2.31
	1.53
	1.44
	1.07
	2.02
	1.56
	0.97
	0.95
	1.83
	1.34
	0.87
	0.82

	
	
	-2
	2.27
	1.58
	1.31
	1.04
	2.02
	1.55
	0.96
	0.90
	1.81
	1.33
	0.80
	0.79

	
	
	-1
	2.23
	1.61
	1.10
	0.98
	2.03
	1.58
	0.99
	0.86
	1.81
	1.34
	0.78
	0.72

	
	ETU30
	-6
	2.21
	1.21
	1.70
	0.98
	0.99
	0.91
	0.85
	0.79
	0.94
	0.79
	0.95
	0.67

	
	
	-5
	2.03
	1.26
	1.37
	0.94
	0.95
	0.95
	0.89
	0.73
	0.95
	0.76
	0.94
	0.62

	
	
	-4
	1.91
	1.31
	1.12
	0.93
	0.97
	0.96
	0.99
	0.71
	0.94
	0.74
	0.93
	0.58

	
	
	-3
	1.79
	1.32
	0.90
	0.88
	1.02
	0.98
	1.05
	0.69
	0.93
	0.71
	0.91
	0.53

	
	
	-2
	1.75
	1.35
	0.97
	0.87
	1.08
	0.98
	1.03
	0.64
	0.95
	0.72
	0.90
	0.49

	
	
	-1
	1.67
	1.34
	1.01
	0.83
	1.10
	0.98
	0.99
	0.59
	0.95
	0.72
	0.88
	0.46


Based on the simulation results, it is obvious that:
The accuracy of LAA RSRP/RSRQ measurements will be improved with the increasing of measurement bandwidth, number of samplings during the measurement period and SINR of side condition.
Current RSRP/RSRQ requirements can be met for the AWGN propagation conditions under all the measurement bandwidth, sampling and SINR configurations.
For the RSRP/RSRQ measurement accuracy, it is more challenging for EPA channel conditions compared to AWGN and ETU30 channel conditions.
Not that the above simulation results and conclusions are given based on the assumption that the ideal RSRP and RSRQ are defined as the signal power under AWGN channel. RSRP excludes noise. For RSRQ, RSSI includes noise. If the ideal RSRP/RSRQ is assumed as the derived RSRP/RSRQ values at the receiver antenna port without noise, the simulation results and conclusion will be different.

Table 4 provide the simulation results based on the simulation assumption that the ideal RSRP is assumed as the derived RSRP values at the receiver antenna port without noise.
Table 4 Performance of LAA RSRP/RSRQ measurements under EPA5 channel conditions with another ideal RSRP/RSRQ definition, 1 shot ( i.e. measurement period = 160ms)
	　
	　
	6PRB
	25PRB
	50PRB

	　
	SINR
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ
	Absolute RSRP
	Relative RSRP
	Absolute RSRQ
	Relative RSRQ

	EPA5
	-6
	5.26
	3.75
	5.36
	3.75
	2.41
	2.01
	2.41
	1.99
	1.45
	1.36
	1.39
	1.29

	
	-5
	4.52
	3.38
	4.55
	3.32
	1.96
	1.65
	1.96
	1.64
	1.23
	1.13
	1.23
	1.13

	
	-4
	3.82
	2.96
	4.07
	3.06
	1.59
	1.41
	1.59
	1.40
	1.03
	0.96
	1.03
	0.95

	
	-3
	3.41
	2.76
	3.51
	2.75
	1.38
	1.23
	1.38
	1.22
	0.89
	0.84
	0.88
	0.83

	
	-2
	2.88
	2.41
	3.00
	2.42
	1.14
	1.06
	1.14
	1.06
	0.77
	0.72
	0.77
	0.71

	
	-1
	2.45
	2.16
	2.57
	2.14
	0.91
	0.88
	0.98
	0.91
	0.65
	0.61
	0.65
	0.61


It can be seen that with different definitions of ideal RSRP/RSRQ, significantly different simulation results and conclusions will be achieved. So we propose that:

Proposal 1: Specify the LAA RSRP/RSRQ measurement with the simulation results of companies based on a consistent definition of ideal RSRP/RSRQ. 
4 Conclusion

This contribution provides the simulation results of LAA RSRP and RSRQ measurements, based on the simulation results, it is observes that the simulation results and conclusions will be different with different ideal RSRP/RSRQ definitions. So we propose that:
Proposal 1: Specify the LAA RSRP/RSRQ measurement requirements with the simulation results of companies based on a consistent definition of ideal RSRP/RSRQ.
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