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Introduction
RRM requirements related to latency reduction for positioning measurement were discussed in RAN4#101-e, and the outcomes are captured in the WF [1]. One aspect discussed is the reduction of sample number in PRS measurement requirements. 
Based on [1], RAN4 has agreed that M1=1 sample (without considering AGC) is to be supported, and how to address M1=2 or 3 is FFS. On the other hand, the conditions under which the sample number can be reduced are FFS. As a result, simulation assumption [2] has been approved.
In this paper we will provide our simulation results for reduced number of samples for positioning measurement.
Discussion
Simulation assumption 
The simulations are conducted based on assumptions in [2]. The simulation results in the following sections are shown for the following Es/Iot conditions.
· RSTD
· Es/Iot condition #1: (-6, -13, -13) dB
· Es/Iot condition #2: (-3, -6, -6) dB
· PRS-RSRP
· Es/Iot condition #1: -13 dB
· Es/Iot condition #2: -6 dB
· Es/Iot condition #3: -3 dB
· UE Rx-Tx
· Es/Iot condition #1: -13 dB
· Es/Iot condition #2: -6 dB
· Es/Iot condition #3: -3 dB
Simulation results for RSTD
The simulation results for RSTD are shown in Table 1-3, for AWGN, TDL-A/C and TDL-D channels. Same as for Rel-16, TDL-A channel is used for FR1 and TDL-C is used for FR2. The results are for the maximum between 5% and 95% of RSTD error in absolute value.
Table 1: RSTD performance for AWGN channel

	SCS (kHz)
	RB
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-3, -6, -6) dB
	Rel-16 requirements

	
	
	1
	2
	1
	2
	

	15
	24
	85
	73
	69
	61
	132

	
	52
	60
	56
	52
	50
	98

	
	104
	26
	26
	24
	24
	42

	30
	24
	152
	44
	42
	39
	75

	
	48
	88
	29
	25
	24
	48

	
	132
	92
	15
	14
	14
	24

	60, FR1
	24
	81
	30
	29
	27
	50

	
	64
	95
	15
	15
	15
	24

	
	132
	51
	8
	7
	8
	10

	60, FR2
	24
	89
	22
	22
	20
	35

	
	64
	79
	15
	15
	15
	24

	
	132
	57
	8
	9
	9
	11

	120
	32
	84
	15
	15
	15
	24

	
	64
	54
	9
	10
	9
	13

	
	128
	58
	6
	6
	6
	6



Table 2: RSTD performance for TDL-A/C channel
	SCS (kHz)
	RB
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-3, -6, -6) dB
	Rel-16 requirements

	
	
	1
	2
	1
	2
	

	15
	24
	2469
	2389
	166
	166
	247

	
	52
	2776
	2335
	97
	97
	140

	
	104
	1627
	2106
	67
	70
	86

	30
	24
	2683
	1708
	96
	92
	118

	
	48
	1775
	2909
	74
	75
	109

	
	132
	2173
	2086
	27
	29
	28

	60, FR1
	24
	1833
	1622
	95
	101
	147

	
	64
	1877
	2609
	22
	22
	27

	
	132
	1559
	1031
	19
	20
	21

	60, FR2
	24
	1395
	2183
	76
	60
	83

	
	64
	1628
	60
	66
	51
	64

	
	132
	2046
	69
	71
	66
	46

	120
	32
	2049
	1497
	64
	49
	48

	
	64
	1740
	65
	69
	56
	54

	
	128
	2489
	62
	62
	61
	36



Table 3: RSTD performance for TDL-D channel
	SCS (kHz)
	RB
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-3, -6, -6) dB
	Rel-16 requirements

	
	
	1
	2
	1
	2
	

	15
	24
	1172
	138
	138
	134
	247

	
	52
	1767
	83
	81
	79
	140

	
	104
	2436
	50
	49
	49
	86

	30
	24
	1003
	72
	70
	70
	118

	
	48
	2612
	64
	61
	62
	109

	
	132
	1723
	17
	18
	18
	28

	60, FR1
	24
	1770
	82
	82
	81
	147

	
	64
	2772
	17
	16
	16
	27

	
	132
	1374
	13
	13
	13
	21

	60, FR2
	24
	2996
	50
	49
	49
	83

	
	64
	1808
	36
	35
	35
	64

	
	132
	1542
	26
	26
	26
	46

	120
	32
	2331
	27
	28
	28
	48

	
	64
	1663
	30
	30
	30
	54

	
	128
	2081
	21
	22
	21
	36

	Note: The Rel-16 requirements are for fading channel.


Observation 1: For RSTD accuracy, with 1-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for some but not all cases under AWGN channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for all cases at -13dB Es/Iot under TDL-A/C or TDL-D channel
Observation 2: For RSTD accuracy, with 2-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for all cases under AWGN and TDL-D channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for most cases at -13dB Es/Iot under TDL-A/C channel
Simulation results for PRS-RSRP
The simulation results for PRS-RSRP are shown in Table 4-6, for AWGN, TDL-A/C and TDL-D channels. Same as for Rel-16, TDL-A channel is used for FR1 and TDL-C is used for FR2. The results are for absolute and relative accuracy derived from 5% and 95% of PRS-RSRP error.
Table 4: PRS-RSRP performance for AWGN channel
	SCS (kHz)
	RB
	-13 dB
	-6 dB
	-3 dB
	Rel-16 requirements @ -13dB
	Rel-16 requirements @ -3dB

	
	
	1
	2
	1
	2
	1
	2
	
	

	
	
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel

	15
	24
	2.6 
	3.5 
	1.9
	2.4
	2.1
	2.7
	2.0
	2.4
	2.1
	2.7
	2.0
	2.3
	6
	7.5
	1
	1.5

	
	52
	2.5 
	4.0 
	1.7
	2.7
	2.0
	3.2
	1.7
	2.6
	1.9
	3.1
	1.6
	2.5
	3.5
	4.5
	
	

	
	104
	2.1 
	3.6 
	1.4
	2.3
	1.6
	2.7
	1.4
	2.4
	1.4
	2.5
	1.2
	2.1
	2
	3
	
	

	30
	24
	2.6 
	3.6 
	1.9
	2.4
	2.1
	2.7
	1.9
	2.4
	2.1
	2.6
	1.9
	2.2
	6
	7.5
	
	

	
	48
	2.5 
	4.1 
	1.7
	2.8
	2.0
	3.2
	1.7
	2.7
	1.9
	3.2
	1.6
	2.6
	3.5
	4.5
	
	

	
	132
	2.1 
	3.3 
	1.4
	2.3
	1.5
	2.6
	1.3
	2.3
	1.3
	2.3
	1.2
	2.0
	2
	3
	
	

	60, FR1
	24
	2.6 
	3.5 
	1.9
	2.4
	2.1
	2.7
	1.9
	2.3
	2.1
	2.6
	2.0
	2.3
	6
	7.5
	
	

	
	64
	2.3 
	3.8 
	1.6
	2.6
	1.9
	3.1
	1.6
	2.6
	1.7
	2.9
	1.5
	2.3
	3.5
	4.5
	
	

	
	132
	2.0 
	3.4 
	1.4
	2.3
	1.5
	2.6
	1.4
	2.3
	1.4
	2.3
	1.2
	2.0
	2
	3
	
	

	60, FR2
	24
	2.6 
	3.5 
	1.9
	2.4
	2.1
	2.7
	1.9
	2.3
	2.1
	2.6
	2.0
	2.3
	4.5
	6
	
	1

	
	64
	2.3 
	3.8 
	1.6
	2.6
	1.9
	3.1
	1.6
	2.6
	1.7
	2.9
	1.5
	2.3
	2
	3.5
	
	

	
	132
	2.0 
	3.4 
	1.4
	2.3
	1.5
	2.6
	1.4
	2.3
	1.4
	2.3
	1.2
	2.0
	2
	3.5
	
	

	120
	32
	2.7 
	3.7 
	2.0
	2.4
	2.2
	2.8
	2.0
	2.4
	2.3
	2.7
	2.1
	2.4
	4.5
	6
	
	

	
	64
	2.3 
	3.9 
	1.6
	2.6
	1.9
	3.1
	1.6
	2.6
	1.8
	3.0
	1.6
	2.4
	2
	3.5
	
	

	
	128
	2.1 
	3.4 
	1.4
	2.3
	1.5
	2.6
	1.3
	2.3
	1.5
	2.4
	1.3
	2.0
	2
	3.5
	
	



Table 5: PRS-RSRP performance for TDL-A/C channel
	SCS (kHz)
	RB
	-13 dB
	-6 dB
	-3 dB
	Rel-16 requirements @ -13dB
	Rel-16 requirements @ -3dB

	
	
	1
	2
	1
	2
	1
	2
	
	

	
	
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel

	15
	24
	5.4 
	6.4 
	4.3
	4.7
	4.9
	5.6
	4.4
	4.8
	4.7
	5.3
	4.2
	4.5
	6
	7.5
	1
	1.5

	
	52
	3.0 
	5.1 
	2.0
	3.7
	2.6
	4.9
	2.2
	4.0
	2.3
	4.5
	2.0
	3.7
	3.5
	4.5
	
	

	
	104
	2.3 
	4.1 
	1.6
	2.9
	1.8
	3.5
	1.5
	2.9
	1.6
	3.2
	1.3
	2.6
	2
	3
	
	

	30
	24
	5.8 
	6.7 
	4.8
	5.3
	4.2
	4.9
	4.5
	5.0
	4.0
	4.6
	4.3
	4.7
	6
	7.5
	
	

	
	48
	2.9 
	4.9 
	1.9
	3.3
	2.5
	4.3
	2.0
	3.6
	2.2
	3.9
	1.9
	3.3
	3.5
	4.5
	
	

	
	132
	2.2 
	3.7 
	1.5
	2.6
	1.6
	2.9
	1.4
	2.5
	1.4
	2.7
	1.2
	2.3
	2
	3
	
	

	60, FR1
	24
	5.5 
	6.4 
	4.9
	5.3
	3.8
	4.4
	4.7
	5.1
	3.6
	4.1
	4.5
	4.8
	6
	7.5
	
	

	
	64
	2.8 
	4.6 
	1.9
	3.1
	2.3
	3.7
	2.1
	3.3
	2.1
	3.4
	1.9
	2.9
	3.5
	4.5
	
	

	
	132
	2.2 
	3.8 
	1.5
	2.5
	1.7
	2.9
	1.6
	2.6
	1.5
	2.5
	1.4
	2.4
	2
	3
	
	

	60, FR2
	24
	4.3 
	5.1 
	3.6
	3.9
	3.8
	4.3
	3.5
	3.7
	3.6
	4.0
	3.3
	3.5
	4.5
	6
	
	1

	
	64
	2.7 
	4.3 
	2.0
	3.0
	2.3
	3.5
	2.0
	2.9
	2.1
	3.2
	1.8
	2.6
	2
	3.5
	
	

	
	132
	2.3 
	3.7 
	1.6
	2.5
	1.7
	2.8
	1.6
	2.4
	1.6
	2.5
	1.4
	2.1
	2
	3.5
	
	

	120
	32
	4.4 
	5.1 
	3.2
	3.4
	3.7
	4.1
	3.3
	3.6
	3.4
	3.8
	3.1
	3.3
	4.5
	6
	
	

	
	64
	2.9 
	4.3 
	2.1
	2.9
	2.4
	3.5
	2.2
	3.0
	2.2
	3.2
	1.9
	2.7
	2
	3.5
	
	

	
	128
	2.4 
	3.7 
	1.7
	2.5
	1.8
	2.7
	1.7
	2.4
	1.6
	2.4
	1.5
	2.2
	2
	3.5
	
	



Table 6: PRS-RSRP performance for TDL-D channel
	SCS (kHz)
	RB
	-13 dB
	-6 dB
	-3 dB
	Rel-16 requirements @ -13dB
	Rel-16 requirements @ -3dB

	
	
	1
	2
	1
	2
	1
	2
	
	

	
	
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel
	Abs
	Rel

	15
	24
	3.0 
	4.0 
	2.1
	2.6
	2.3
	3.0
	2.2
	2.6
	2.1
	2.7
	2.0
	2.3
	6
	7.5
	1
	1.5

	
	52
	2.6 
	4.1 
	1.7
	2.8
	2.1
	3.5
	1.8
	2.8
	1.9
	3.1
	1.6
	2.5
	3.5
	4.5
	
	

	
	104
	2.1 
	3.6 
	1.4
	2.5
	1.7
	2.8
	1.4
	2.4
	1.4
	2.5
	1.2
	2.1
	2
	3
	
	

	30
	24
	2.9 
	3.8 
	2.2
	2.6
	2.3
	2.9
	2.1
	2.5
	2.1
	2.6
	1.9
	2.2
	6
	7.5
	
	

	
	48
	2.6 
	4.2 
	1.8
	2.9
	2.1
	3.5
	1.8
	2.9
	1.9
	3.2
	1.6
	2.6
	3.5
	4.5
	
	

	
	132
	2.1 
	3.5 
	1.5
	2.3
	1.5
	2.6
	1.4
	2.3
	1.3
	2.3
	1.2
	2.0
	2
	3
	
	

	60, FR1
	24
	4.3 
	5.1 
	4.9
	5.3
	3.8
	4.3
	4.7
	5.1
	3.6
	4.0
	4.5
	4.8
	6
	7.5
	
	

	
	64
	2.5 
	3.2 
	2.2
	3.5
	2.0
	2.3
	2.3
	3.5
	1.8
	2.0
	2.1
	3.2
	3.5
	4.5
	
	

	
	132
	1.9 
	3.1 
	1.5
	2.4
	1.5
	2.3
	1.6
	2.4
	1.3
	2.0
	1.4
	2.1
	2
	3
	
	

	60, FR2
	24
	3.0 
	3.9 
	2.2
	2.6
	2.3
	2.9
	2.2
	2.6
	2.1
	2.6
	2.0
	2.3
	4.5
	6
	
	1

	
	64
	2.4 
	4.0 
	1.7
	2.7
	1.9
	3.2
	1.7
	2.6
	1.7
	2.9
	1.5
	2.3
	2
	3.5
	
	

	
	132
	2.1 
	3.5 
	1.4
	2.3
	1.6
	2.6
	1.4
	2.3
	1.4
	2.3
	1.2
	2.0
	2
	3.5
	
	

	120
	32
	3.0 
	3.9 
	2.3
	2.6
	2.5
	3.0
	2.3
	2.7
	2.3
	2.7
	2.1
	2.4
	4.5
	6
	
	

	
	64
	2.6 
	4.1 
	1.8
	2.8
	2.0
	3.2
	1.8
	2.7
	1.8
	3.0
	1.6
	2.4
	2
	3.5
	
	

	
	128
	2.2 
	3.5 
	1.5
	2.3
	1.7
	2.7
	1.5
	2.3
	1.5
	2.4
	1.3
	2.0
	2
	3.5
	
	


Observation 3: For PRS-RSRP accuracy, 	
· It is NOT feasible to achieve Rel-16 accuracy for -3dB Es/Iot with 1 or 2 samples even at same -3dB Es/Iot.
· It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 1 sample for some but not all cases at -13dB Es/Iot. It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 2 samples for all cases at -13dB Es/Iot.
· It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 1 sample for all cases at -6dB Es/Iot.
Simulation results for UE Rx-Tx
The simulation results for RSTD are shown in Table 7-9, for AWGN, TDL-A/C and TDL-D channels. Same as for Rel-16, TDL-A channel is used for FR1 and TDL-C is used for FR2. The results are for the 90% of Rx-Tx error.
Note: the results for 120kHz are currently missing, and we will add them when results are ready.
Table 7: Rx-Tx performance for AWGN channel
	SCS (kHz)
	RB
	-13 dB
	-6 dB
	-3 dB
	Rel-16 requirements @ -13dB
	Rel-16 requirements @ -3dB

	
	
	1
	2
	1
	2
	1
	2
	
	

	15
	24
	89
	67
	79
	43
	55
	55
	101
	78

	
	52
	80
	44
	50
	27
	42
	38
	75
	59

	
	104
	97
	21
	22
	12
	20
	20
	37
	30

	30
	24
	60
	37
	39
	24
	31
	31
	58
	57

	
	48
	74
	26
	30
	17
	22
	21
	39
	30

	
	132
	66
	9
	9
	5
	8
	8
	16
	15

	60, FR1
	24
	81
	22
	26
	16
	22
	20
	36
	29

	
	64
	63
	9
	10
	5
	9
	9
	16
	15

	
	132
	67
	5
	5
	3
	4
	4
	8
	7

	60, FR2
	24
	50
	22
	26
	16
	22
	20
	35
	22

	
	64
	91
	9
	9
	5
	8
	8
	15
	15

	
	132
	89
	4
	4
	2
	4
	4
	7
	7

	120
	32
	97
	8
	9
	5
	8
	8
	14
	12

	
	64
	80
	5
	5
	3
	5
	5
	9
	7

	
	128
	60
	2
	2
	1
	2
	2
	4
	4



Table 8: Rx-Tx performance for TDL-A/C channel
	SCS (kHz)
	RB
	-13 dB
	-6 dB
	-3 dB
	Rel-16 requirements @ -13dB
	Rel-16 requirements @ -3dB

	
	
	1
	2
	1
	2
	1
	2
	
	

	15
	24
	2170
	1235
	146
	129
	146
	146
	180
	137

	
	52
	2632
	2704
	101
	97
	101
	101
	98
	96

	
	104
	2636
	1486
	83
	82
	87
	82
	68
	62

	30
	24
	1730
	2531
	92
	92
	92
	94
	87
	87

	
	48
	2877
	2652
	68
	68
	66
	71
	85
	68

	
	132
	2994
	1884
	39
	38
	39
	40
	44
	44

	60, FR1
	24
	1105
	1804
	105
	82
	89
	99
	139
	59

	
	64
	1061
	1486
	40
	37
	40
	40
	46
	42

	
	132
	1784
	2553
	37
	36
	35
	36
	30
	36

	60, FR2
	24
	2486
	2802
	102
	90
	102
	86
	92
	75

	
	64
	1134
	80
	87
	80
	82
	68
	70
	72

	
	132
	1793
	85
	84
	85
	84
	85
	57
	57

	120
	32
	1633
	1585
	89
	87
	88
	77
	60
	61

	
	64
	2292
	80
	81
	80
	80
	78
	66
	64

	
	128
	1883
	77
	78
	77
	77
	77
	62
	55



Table 9: Rx-Tx performance for TDL-D channel
	SCS (kHz)
	RB
	-13 dB
	-6 dB
	-3 dB
	Rel-16 requirements @ -13dB
	Rel-16 requirements @ -3dB

	
	
	1
	2
	1
	2
	1
	2
	
	

	15
	24
	1937
	109
	113
	72
	105
	101
	180
	137

	
	52
	2101
	62
	68
	43
	56
	58
	98
	96

	
	104
	2262
	42
	42
	28
	42
	42
	68
	62

	30
	24
	1763
	57
	59
	40
	55
	55
	87
	87

	
	48
	2923
	53
	55
	35
	53
	50
	85
	68

	
	132
	2854
	26
	26
	16
	26
	26
	44
	44

	60, FR1
	24
	1760
	77
	81
	46
	77
	75
	139
	59

	
	64
	1783
	27
	28
	17
	27
	27
	46
	42

	
	132
	1552
	19
	19
	13
	18
	18
	30
	36

	60, FR2
	24
	2229
	53
	57
	35
	53
	51
	92
	75

	
	64
	2963
	39
	40
	23
	39
	39
	70
	72

	
	132
	2228
	32
	32
	19
	32
	32
	57
	57

	120
	32
	2871
	35
	35
	22
	34
	34
	60
	61

	
	64
	1325
	36
	37
	21
	36
	36
	66
	64

	
	128
	1678
	34
	34
	20
	34
	34
	62
	55

	Note: The Rel-16 requirements are for fading channel.


Observation 4: The performance trend for UE Rx-Tx is similar to RSTD for -13dB and -6dB Es/Iot.
Observation 5: For -3dB Es/Iot, 
· it is feasible to achieve Rel-16 accuracy for -3dB and AWGN channel with 1-sample under AWGN channel, 
· it is feasible to achieve Rel-16 accuracy for -3dB and fading channel with 1-sample under TDL-D channel
· it is feasible to achieve Rel-16 accuracy for -3dB and fading channel for some but not all cases with 1-sample under TDL-A/C channel
[bookmark: _GoBack]Conclusions
In this paper we provided our views on reduced number of samples for positioning measurement.
Observation 1: For RSTD accuracy, with 1-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for some but not all cases under AWGN channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for all cases at -13dB Es/Iot under TDL-A/C or TDL-D channel
Observation 2: For RSTD accuracy, with 2-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for all cases under AWGN and TDL-D channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for most cases at -13dB Es/Iot under TDL-A/C channel
Observation 3: For PRS-RSRP accuracy, 	
· It is NOT feasible to achieve Rel-16 accuracy for -3dB Es/Iot with 1 or 2 samples even at same -3dB Es/Iot.
· It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 1 sample for some but not all cases at -13dB Es/Iot. It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 2 samples for all cases at -13dB Es/Iot.
· It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 1 sample for all cases at -6dB Es/Iot.
Observation 4: The performance trend for UE Rx-Tx is similar to RSTD.
Observation 5: For -3dB Es/Iot, 
· it is feasible to achieve Rel-16 accuracy for -3dB and AWGN channel with 1-sample under AWGN channel, 
· it is feasible to achieve Rel-16 accuracy for -3dB and fading channel with 1-sample under TDL-D channel
· it is feasible to achieve Rel-16 accuracy for -3dB and fading channel for some but not all cases with 1-sample under TDL-A/C channel
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