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1 Introduction

In RAN4#76bis, simulation assumptions for LAA RSRP and RSRQ measurements were agreed in [1]. In this contribution, we provide simulation results, based on the agreed assumptions.
2 Simulation Results
Here, we present measurement simulation results based on the simulation assumptions agreed in [1].

Tables 1, 2, and 3 summarize the results for the RSRP/RSRQ measurements performed over 1, 2, and 3 subframes, respectively. In these tables:

· RSRP* and RSRQ* correspond to the genie case, when the estimated value is compared to the RSRP/RSRQ values computed without noise but including channel effects (difficult to test when it is not known how ideal measurement is computed.

· RSRP and RSRQ (notation without “*”) correspond to values, when the estimated value is compared to the theoretical RSRP which is an infinite average of the channel (easier to test).
Observations:

· The most pessimistic RSRP and RSRQ results are typically obtained for EPA5.
· At SINR= -6 dB, the largest errors over all 3 channels for 1 TX and 6 RBs with 1 subframe are:

RSRP: 5.46 dB (3.26 dB*),

RSRQ: 4.21 dB (4.15 dB*).
· The gains over the above results from measuring over 50 RBs or on 2 TXs are comparable:

At SINR= -6 dB, the largest errors over all 3 channels for 2 TX and 6 RBs with 1 subframe are:

RSRP: 4.34 dB (2.40 dB*),

RSRQ: 3.42 dB (2.93 dB*).

At SINR= -6 dB, the improved results (~1 dB gain for RSRP and ~0.9 dB for RSRQ) for 50 RBs with 1 TX with 1 subframe are:

RSRP: 4.44 dB (1.91 dB*),

RSRQ: 3.34 dB (2.31 dB*).

· At SINR= -6 dB, the improved results (~0.6-0.9 dB gain) with 50 RBs with 2 TX with 1 subframe are:

RSRP: 3.60 dB (1.56 dB*),

RSRQ: 2.81 dB (1.80 dB*).

· The gain from longer measurement period is slightly larger than the individual gain from a larger BW or 2 TXs but smaller than from both the larger BW and 2 TXs.

At SINR= -6 dB, the improved results (~1.4 dB for RSRP and ~1 dB for RSRQ) with 3 subframes with 6 RBs and 1 TX are:

RSRP: 4.02 dB (2.09 dB*),

RSRQ: 3.18 dB (2.49 dB*).

· At SINR= -6 dB, the joint gain from longer measurement time (3 subframes), larger BW (50 RBs), and 2 TX is ~2.7 dB for RSRP and ~2 dB for RSRQ:

RSRP: 2.72 dB (1.28 dB*),

RSRQ: 2.22 dB (1.43 dB*).

As a reference, the current accuracy requirement at Es/Iot>= -6 dB with 1 TX:

RSRP: (4.5 dB,
RSRQ: (2.5 dB.

Table 1: LAA measurement errors, 1 subframe

	
	
	
	AWGN
	EPA5
	ETU30

	# RBs
	# TXs
	SINR
	RSRP
	RSRP*
	RSRQ
	RSRQ*
	RSRP
	RSRP*
	RSRQ
	RSRQ*
	RSRP
	RSRP*
	RSRQ
	RSRQ*

	6
	1
	-6
	3.05
	3.05
	3.04
	3.43
	5.46
	3.26
	4.21
	4.15
	4.57
	3.32
	3.68
	4.07

	
	
	-5
	2.72
	2.72
	2.71
	3.08
	5.44
	2.88
	3.96
	3.64
	4.55
	2.95
	3.45
	3.60

	
	
	-4
	2.42
	2.42
	2.42
	2.76
	5.45
	2.54
	3.70
	3.21
	4.53
	2.60
	3.22
	3.18

	
	
	-3
	2.15
	2.15
	2.16
	2.47
	5.47
	2.23
	3.43
	2.82
	4.53
	2.29
	3.02
	2.79

	
	
	-2
	1.92
	1.92
	1.93
	2.20
	5.49
	1.97
	3.14
	2.48
	4.56
	2.03
	2.85
	2.45

	
	
	-1
	1.71
	1.71
	1.72
	1.97
	5.53
	1.75
	2.87
	2.17
	4.58
	1.80
	2.66
	2.16

	
	2
	-6
	2.51
	2.51
	2.48
	2.81
	4.34
	2.40
	3.42
	2.93
	3.53
	2.56
	2.84
	3.05

	
	
	-5
	2.22
	2.22
	2.19
	2.50
	4.23
	2.08
	3.15
	2.56
	3.44
	2.23
	2.63
	2.66

	
	
	-4
	1.96
	1.96
	1.93
	2.21
	4.16
	1.81
	2.89
	2.24
	3.39
	1.95
	2.42
	2.34

	
	
	-3
	1.73
	1.73
	1.70
	1.96
	4.11
	1.57
	2.63
	1.95
	3.37
	1.70
	2.24
	2.05

	
	
	-2
	1.52
	1.52
	1.50
	1.73
	4.07
	1.37
	2.38
	1.70
	3.37
	1.49
	2.08
	1.79

	
	
	-1
	1.34
	1.34
	1.32
	1.54
	4.05
	1.20
	2.13
	1.49
	3.37
	1.30
	1.92
	1.56

	25
	1
	-6
	2.10
	2.10
	2.09
	2.32
	4.55
	2.17
	3.45
	2.64
	3.22
	2.21
	2.55
	2.62

	
	
	-5
	1.83
	1.83
	1.82
	2.03
	4.48
	1.84
	3.19
	2.27
	3.13
	1.91
	2.34
	2.27

	
	
	-4
	1.60
	1.60
	1.58
	1.78
	4.44
	1.57
	2.94
	1.95
	3.09
	1.63
	2.17
	1.97

	
	
	-3
	1.39
	1.39
	1.38
	1.56
	4.43
	1.34
	2.70
	1.67
	3.06
	1.40
	2.02
	1.70

	
	
	-2
	1.21
	1.21
	1.20
	1.36
	4.44
	1.15
	2.47
	1.44
	3.06
	1.20
	1.89
	1.48

	
	
	-1
	1.06
	1.06
	1.05
	1.19
	4.46
	0.98
	2.24
	1.24
	3.08
	1.03
	1.76
	1.28

	
	2
	-6
	1.77
	1.77
	1.76
	1.93
	3.77
	1.72
	2.95
	2.04
	2.51
	1.84
	2.01
	2.11

	
	
	-5
	1.53
	1.53
	1.52
	1.67
	3.66
	1.46
	2.69
	1.74
	2.39
	1.57
	1.79
	1.81

	
	
	-4
	1.31
	1.31
	1.31
	1.45
	3.58
	1.23
	2.44
	1.47
	2.30
	1.33
	1.61
	1.55

	
	
	-3
	1.13
	1.13
	1.13
	1.26
	3.52
	1.05
	2.22
	1.26
	2.24
	1.13
	1.47
	1.33

	
	
	-2
	0.98
	0.98
	0.97
	1.09
	3.48
	0.89
	1.99
	1.07
	2.22
	0.96
	1.35
	1.14

	
	
	-1
	0.84
	0.84
	0.84
	0.94
	3.47
	0.75
	1.78
	0.91
	2.21
	0.82
	1.27
	0.98

	50
	1
	-6
	1.76
	1.76
	1.76
	1.92
	4.44
	1.91
	3.34
	2.31
	2.73
	1.85
	2.16
	2.14

	
	
	-5
	1.52
	1.52
	1.51
	1.66
	4.39
	1.61
	3.09
	1.97
	2.62
	1.58
	1.95
	1.84

	
	
	-4
	1.30
	1.30
	1.30
	1.44
	4.35
	1.36
	2.84
	1.67
	2.55
	1.33
	1.76
	1.58

	
	
	-3
	1.12
	1.12
	1.12
	1.25
	4.34
	1.15
	2.59
	1.42
	2.52
	1.13
	1.62
	1.34

	
	
	-2
	0.97
	0.97
	0.97
	1.08
	4.34
	0.97
	2.34
	1.21
	2.51
	0.96
	1.50
	1.15

	
	
	-1
	0.84
	0.84
	0.83
	0.94
	4.35
	0.82
	2.10
	1.03
	2.53
	0.81
	1.39
	0.98

	
	2
	-6
	1.53
	1.53
	1.52
	1.64
	3.60
	1.56
	2.81
	1.80
	2.08
	1.63
	1.68
	1.81

	
	
	-5
	1.31
	1.31
	1.30
	1.40
	3.50
	1.30
	2.57
	1.52
	1.93
	1.37
	1.45
	1.54

	
	
	-4
	1.11
	1.11
	1.10
	1.20
	3.43
	1.09
	2.33
	1.28
	1.84
	1.15
	1.28
	1.30

	
	
	-3
	0.95
	0.95
	0.94
	1.03
	3.37
	0.92
	2.11
	1.07
	1.79
	0.97
	1.15
	1.10

	
	
	-2
	0.81
	0.81
	0.80
	0.88
	3.35
	0.77
	1.89
	0.91
	1.76
	0.81
	1.07
	0.94

	
	
	-1
	0.69
	0.69
	0.68
	0.75
	3.32
	0.65
	1.68
	0.77
	1.75
	0.69
	1.01
	0.80


Table 2: LAA measurements errors, 2 subframes
	
	
	
	AWGN
	EPA5
	ETU30

	# RBs
	# TXs
	SINR
	RSRP
	RSRP*
	RSRQ
	RSRQ*
	RSRP
	RSRP*
	RSRQ
	RSRQ*
	RSRP
	RSRP*
	RSRQ
	RSRQ*

	6
	1
	-6
	2.50
	2.50
	2.50
	2.79
	4.50
	2.42
	3.57
	3.07
	3.60
	2.57
	2.89
	3.06

	
	
	-5
	2.20
	2.20
	2.21
	2.47
	4.45
	2.08
	3.30
	2.66
	3.48
	2.24
	2.62
	2.72

	
	
	-4
	1.94
	1.94
	1.96
	2.18
	4.33
	1.80
	3.04
	2.33
	3.42
	1.96
	2.44
	2.41

	
	
	-3
	1.71
	1.71
	1.73
	1.93
	4.28
	1.57
	2.79
	2.00
	3.38
	1.70
	2.24
	2.12

	
	
	-2
	1.51
	1.51
	1.53
	1.71
	4.24
	1.37
	2.54
	1.70
	3.40
	1.47
	2.07
	1.85

	
	
	-1
	1.33
	1.33
	1.36
	1.51
	4.26
	1.18
	2.27
	1.47
	3.43
	1.29
	1.93
	1.62

	
	2
	-6
	2.07
	2.07
	2.06
	2.28
	3.55
	1.94
	2.89
	2.31
	2.70
	2.15
	2.23
	2.44

	
	
	-5
	1.80
	1.80
	1.80
	1.99
	3.44
	1.65
	2.64
	1.98
	2.56
	1.86
	2.02
	2.13

	
	
	-4
	1.57
	1.57
	1.57
	1.74
	3.36
	1.42
	2.40
	1.72
	2.44
	1.59
	1.80
	1.86

	
	
	-3
	1.37
	1.37
	1.37
	1.52
	3.29
	1.23
	2.16
	1.49
	2.33
	1.37
	1.63
	1.61

	
	
	-2
	1.19
	1.19
	1.19
	1.33
	3.20
	1.07
	1.93
	1.31
	2.29
	1.19
	1.50
	1.40

	
	
	-1
	1.04
	1.04
	1.04
	1.17
	3.16
	0.92
	1.74
	1.13
	2.27
	1.02
	1.39
	1.22

	25
	1
	-6
	1.77
	1.77
	1.77
	1.93
	3.87
	1.72
	2.99
	1.99
	2.45
	1.90
	2.00
	2.15

	
	
	-5
	1.53
	1.53
	1.53
	1.68
	3.76
	1.47
	2.75
	1.70
	2.32
	1.63
	1.77
	1.84

	
	
	-4
	1.32
	1.32
	1.32
	1.45
	3.72
	1.24
	2.51
	1.45
	2.21
	1.39
	1.56
	1.58

	
	
	-3
	1.14
	1.14
	1.13
	1.26
	3.66
	1.04
	2.28
	1.25
	2.15
	1.18
	1.42
	1.36

	
	
	-2
	0.98
	0.98
	0.98
	1.09
	3.62
	0.89
	2.07
	1.07
	2.12
	1.01
	1.30
	1.16

	
	
	-1
	0.85
	0.85
	0.85
	0.95
	3.58
	0.76
	1.85
	0.90
	2.17
	0.87
	1.24
	1.00

	
	2
	-6
	1.55
	1.55
	1.54
	1.66
	2.96
	1.45
	2.45
	1.65
	1.95
	1.60
	1.57
	1.78

	
	
	-5
	1.32
	1.32
	1.31
	1.42
	2.82
	1.22
	2.22
	1.40
	1.82
	1.35
	1.36
	1.49

	
	
	-4
	1.13
	1.13
	1.12
	1.22
	2.71
	1.01
	2.00
	1.20
	1.70
	1.14
	1.18
	1.27

	
	
	-3
	0.96
	0.96
	0.95
	1.05
	2.63
	0.85
	1.79
	1.01
	1.62
	0.96
	1.07
	1.08

	
	
	-2
	0.82
	0.82
	0.81
	0.89
	2.57
	0.72
	1.59
	0.85
	1.60
	0.81
	0.99
	0.92

	
	
	-1
	0.70
	0.70
	0.69
	0.77
	2.56
	0.61
	1.41
	0.72
	1.60
	0.68
	0.92
	0.78

	50
	1
	-6
	1.54
	1.54
	1.53
	1.64
	3.74
	1.59
	2.86
	1.85
	2.16
	1.61
	1.74
	1.81

	
	
	-5
	1.31
	1.31
	1.31
	1.41
	3.66
	1.33
	2.61
	1.54
	2.01
	1.35
	1.51
	1.53

	
	
	-4
	1.12
	1.12
	1.11
	1.21
	3.57
	1.10
	2.37
	1.31
	1.92
	1.13
	1.33
	1.28

	
	
	-3
	0.95
	0.95
	0.95
	1.03
	3.51
	0.93
	2.14
	1.09
	1.87
	0.95
	1.20
	1.09

	
	
	-2
	0.81
	0.81
	0.81
	0.89
	3.48
	0.77
	1.92
	0.91
	1.83
	0.80
	1.12
	0.92

	
	
	-1
	0.69
	0.69
	0.69
	0.76
	3.45
	0.65
	1.72
	0.77
	1.82
	0.66
	1.05
	0.79

	
	2
	-6
	1.38
	1.38
	1.37
	1.46
	2.94
	1.32
	2.36
	1.49
	1.53
	1.46
	1.28
	1.61

	
	
	-5
	1.16
	1.16
	1.16
	1.24
	2.84
	1.10
	2.14
	1.24
	1.37
	1.21
	1.07
	1.35

	
	
	-4
	0.98
	0.98
	0.97
	1.05
	2.75
	0.92
	1.93
	1.04
	1.24
	1.01
	0.91
	1.14

	
	
	-3
	0.83
	0.83
	0.82
	0.89
	2.69
	0.76
	1.73
	0.86
	1.19
	0.85
	0.80
	0.96

	
	
	-2
	0.70
	0.70
	0.69
	0.76
	2.63
	0.63
	1.55
	0.73
	1.19
	0.71
	0.79
	0.80

	
	
	-1
	0.59
	0.59
	0.58
	0.64
	2.60
	0.52
	1.38
	0.60
	1.23
	0.59
	0.80
	0.67


Table 3: LAA measurements errors, 3 subframes
	
	
	
	AWGN
	EPA5
	ETU30

	# RBs
	# TXs
	SINR
	RSRP
	RSRP*
	RSRQ
	RSRQ*
	RSRP
	RSRP*
	RSRQ
	RSRQ*
	RSRP
	RSRP*
	RSRQ
	RSRQ*

	6
	1
	-6
	2.25
	2.25
	2.26
	2.49
	4.02
	2.09
	3.18
	2.49
	3.00
	2.22
	2.47
	2.61

	
	
	-5
	1.97
	1.97
	1.98
	2.19
	3.90
	1.79
	2.91
	2.14
	2.91
	1.92
	2.24
	2.27

	
	
	-4
	1.73
	1.73
	1.75
	1.93
	3.81
	1.56
	2.64
	1.88
	2.85
	1.65
	2.05
	1.95

	
	
	-3
	1.52
	1.52
	1.54
	1.70
	3.78
	1.35
	2.43
	1.63
	2.78
	1.41
	1.85
	1.69

	
	
	-2
	1.33
	1.33
	1.35
	1.50
	3.72
	1.16
	2.19
	1.43
	2.75
	1.23
	1.73
	1.47

	
	
	-1
	1.17
	1.17
	1.20
	1.32
	3.64
	1.01
	1.96
	1.25
	2.79
	1.07
	1.59
	1.29

	
	2
	-6
	1.89
	1.89
	1.89
	2.06
	3.28
	1.68
	2.74
	1.92
	2.30
	1.83
	1.90
	2.12

	
	
	-5
	1.64
	1.64
	1.64
	1.80
	3.15
	1.44
	2.47
	1.67
	2.15
	1.56
	1.69
	1.82

	
	
	-4
	1.42
	1.42
	1.42
	1.57
	3.06
	1.23
	2.24
	1.44
	2.10
	1.32
	1.51
	1.57

	
	
	-3
	1.23
	1.23
	1.23
	1.37
	2.97
	1.05
	2.02
	1.25
	2.01
	1.12
	1.38
	1.35

	
	
	-2
	1.07
	1.07
	1.07
	1.19
	2.91
	0.91
	1.80
	1.07
	1.95
	0.97
	1.28
	1.18

	
	
	-1
	0.93
	0.93
	0.93
	1.04
	2.85
	0.78
	1.59
	0.93
	1.91
	0.83
	1.18
	1.01

	25
	1
	-6
	1.63
	1.63
	1.63
	1.76
	3.36
	1.50
	2.71
	1.67
	2.15
	1.72
	1.79
	1.93

	
	
	-5
	1.40
	1.40
	1.40
	1.52
	3.24
	1.26
	2.47
	1.41
	2.02
	1.46
	1.57
	1.65

	
	
	-4
	1.19
	1.19
	1.19
	1.30
	3.17
	1.06
	2.24
	1.20
	1.93
	1.24
	1.38
	1.40

	
	
	-3
	1.02
	1.02
	1.02
	1.12
	3.10
	0.90
	2.02
	1.01
	1.88
	1.04
	1.25
	1.20

	
	
	-2
	0.88
	0.88
	0.88
	0.97
	3.04
	0.76
	1.81
	0.87
	1.85
	0.87
	1.13
	1.02

	
	
	-1
	0.75
	0.75
	0.76
	0.83
	3.01
	0.64
	1.61
	0.74
	1.83
	0.73
	1.04
	0.87

	
	2
	-6
	1.45
	1.45
	1.44
	1.53
	2.67
	1.34
	2.23
	1.47
	1.66
	1.55
	1.41
	1.67

	
	
	-5
	1.23
	1.23
	1.22
	1.31
	2.54
	1.13
	2.00
	1.23
	1.50
	1.30
	1.18
	1.42

	
	
	-4
	1.04
	1.04
	1.04
	1.11
	2.44
	0.95
	1.80
	1.04
	1.39
	1.09
	0.98
	1.20

	
	
	-3
	0.88
	0.88
	0.88
	0.95
	2.36
	0.80
	1.60
	0.87
	1.31
	0.91
	0.85
	1.01

	
	
	-2
	0.75
	0.75
	0.74
	0.81
	2.29
	0.67
	1.42
	0.73
	1.27
	0.77
	0.78
	0.85

	
	
	-1
	0.64
	0.64
	0.63
	0.69
	2.25
	0.55
	1.26
	0.62
	1.26
	0.64
	0.78
	0.73

	50
	1
	-6
	1.43
	1.43
	1.43
	1.52
	3.25
	1.45
	2.59
	1.66
	1.70
	1.54
	1.45
	1.68

	
	
	-5
	1.21
	1.21
	1.21
	1.29
	3.15
	1.21
	2.36
	1.39
	1.54
	1.30
	1.23
	1.42

	
	
	-4
	1.03
	1.03
	1.02
	1.10
	3.05
	1.01
	2.13
	1.18
	1.46
	1.08
	1.05
	1.21

	
	
	-3
	0.87
	0.87
	0.87
	0.94
	2.96
	0.84
	1.92
	0.98
	1.43
	0.91
	0.93
	1.02

	
	
	-2
	0.74
	0.74
	0.74
	0.80
	2.89
	0.69
	1.71
	0.82
	1.40
	0.76
	0.88
	0.85

	
	
	-1
	0.62
	0.62
	0.62
	0.68
	2.86
	0.58
	1.52
	0.69
	1.43
	0.64
	0.89
	0.72

	
	2
	-6
	1.31
	1.31
	1.30
	1.37
	2.72
	1.28
	2.22
	1.43
	1.39
	1.40
	1.18
	1.52

	
	
	-5
	1.10
	1.10
	1.09
	1.15
	2.59
	1.05
	2.01
	1.19
	1.21
	1.17
	0.96
	1.27

	
	
	-4
	0.92
	0.92
	0.92
	0.97
	2.49
	0.88
	1.81
	0.98
	1.09
	0.97
	0.79
	1.06

	
	
	-3
	0.77
	0.77
	0.77
	0.82
	2.41
	0.73
	1.62
	0.82
	1.03
	0.81
	0.70
	0.89

	
	
	-2
	0.65
	0.65
	0.64
	0.69
	2.38
	0.60
	1.43
	0.68
	1.01
	0.67
	0.65
	0.75

	
	
	-1
	0.54
	0.54
	0.54
	0.58
	2.33
	0.50
	1.26
	0.56
	1.05
	0.55
	0.67
	0.62


3 Summary

The following have been observed and proposed in this contribution:
· The results depend a lot on the metric.
· The current requirements may be difficult to meet with a single-shot measurement configuration and 6 RBs. Increasing the number of subframes is observed to bring more gain than increasing the BW. And increasing the BW is bringing more gain than increasing the number of TXs ports to measure on. We also observe that increasing the BW from 6 RBs to 25 RBs brings the largest marginal gain.
· It needs to be remembered, that the simulations were conducted without modeling LBT, while the presence of LBT may make some configurations more preferable for LAA than the others, e.g., limiting a number of measurement subframes allows for avoiding or at least reducing the probability of LBT impact.
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Annex A: RSRP results
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Figure 1: RSRP error compared to RSRP genie, i=1.
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Figure 2: 
[image: image3.wmf]D

RSRP, i=1.
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Figure 3: RSRP error compared to RSRP genie, i=3.
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Figure 4: 
[image: image6.wmf]D

RSRP, i=3.

Annex B: RSRQ results
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Figure 5: RSRQ error compared to RSRQ genie, i=1.
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Figure 6: 
[image: image9.wmf]D

RSRQ, i=1.
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Figure 7: RSRQ error compared to RSRQ genie, i=3.
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Figure 8: 
[image: image12.wmf]D

RSRQ, i=3.
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