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6
Baseline performance of existing positioning techniques in indoor environments

6.1
Simulation results for horizontal positioning accuracy

The simulation results are taken manually from the contributions shown below [11][12][13][14][15][16][17][18]. The values in the tables are the positioning error in meters. The last table in each subsection belongs to the modelled synchronization error with T1 = 50 ns. PRS muting is applied to all of the results, unless otherwise noted (one example in R1-152634 [15]).  Positioning errors above the horizontal threshold of 50 meters are marked in red font.
Only one valid example of PRS no-muting results are reflected in the OTDOA CDF figures. Other valid results submitted by participating companies are not reflected. The curves without PRS muting are not tabulated in the performance tables corresponding to the figures.
6.1.1
Case 1: Outdoor macro + outdoor small cell deployment scenarios

6.1.1.1
Case 1.A. Outdoor macro + 0 small cells 

Table 6.1.1.1-1: CID horizontal positioning error [m]

	Contribution
	40%
	50%
	70%
	80%
	90%

	Ericsson
	187
	212
	268
	308
	404

	Intel Corporation
	71
	90
	136
	168
	220

	Qualcomm Inc.
	105
	133
	245
	317
	448


[image: image1.png]CDF, %

100

90

80

70

60

50

0.00

50.00

100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00 500.00
Proximity Detection - Horizontal Location Error, m




[image: image2.png]0 ! ! ! ! ! | ——LGE R1-154779

0.00 20.00  40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00
OTDOA Horizontal Location Error, m




Table 6.1.1.1-2: OTDOA horizontal positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	13
	17
	27
	36
	60

	Huawei, HiSilicon
	22
	28
	40
	49
	70

	Intel Corporation
	15
	18
	26
	32
	42

	LG Electronics
	16
	19
	27
	35
	48

	Qualcomm Inc.
	21
	26
	36
	43
	57


Table 6.1.1.1-3: OTDOA horizontal positioning error with modelled synchronization error (T1 = 50ns) [m] 

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	16
	20
	30
	40
	59

	Huawei, HiSilicon
	25
	30
	43
	55
	82

	Qualcomm Inc.
	23
	27
	38
	46
	58


6.1.1.2
Case 1.B. Outdoor macro + 4 small cells 

Table 6.1.1.2-1: CID horizontal positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	47
	64
	124
	177
	250

	Intel Corporation (E-CID)
	34
	44
	73
	102
	148

	Qualcomm Inc.
	37
	51
	83
	119
	172
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Table 6.1.1.2-2: OTDOA horizontal positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	11
	14
	21
	28
	40

	Huawei, HiSilicon
	20
	24
	35
	43
	59

	Intel Corporation
	14
	16
	22
	27
	35

	LG Electronics
	11
	13
	20
	26
	38

	Qualcomm Inc.
	15
	17
	24
	27
	36
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Table 6.1.1.2-3: OTDOA horizontal positioning error with modelled synchronization error (T1 = 50ns) [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	13
	15
	23
	30
	42

	Huawei, HiSilicon
	21
	26
	37
	45
	61

	Qualcomm Inc.
	16
	19
	26
	30
	40


6.1.1.3
Case 1.C. Outdoor macro + 10 small cells 

Table 6.1.1.3-1: CID horizontal positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	34
	42
	86
	122
	184

	Intel Corporation (E-CID)
	25
	31
	55
	79
	118

	Qualcomm Inc.
	24
	31
	68
	101
	156
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Table 6.1.1.3-2: OTDOA horizontal positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	11
	13
	19
	25
	36

	Huawei, HiSilicon
	18
	20
	30
	38
	50

	Intel Corporation
	12
	15
	21
	25
	33

	LG Electronics
	10
	12
	18
	23
	35

	Qualcomm Inc.
	14
	17
	23
	27
	35
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Table 6.1.1.3-3: OTDOA horizontal positioning error with modelled synchronization error (T1 = 50ns) [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	12
	15
	22
	27
	38

	Huawei, HiSilicon
	20
	24
	33
	42
	54

	Qualcomm Inc.
	15
	18
	25
	31
	40


6.1.2
Case 2: Outdoor macro + indoor small cell deployment scenarios

6.1.2.1
Outdoor macro + dense small cells  

Table 6.1.2.1-1: CID horizontal positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	13
	15
	20
	24
	31

	Intel Corporation (E-CID)
	14
	17
	24
	29
	52

	Qualcomm Inc.
	14
	15
	21
	23
	27
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Table 6.1.2.1-2: OTDOA horizontal positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	6
	9
	12
	16

	Huawei, HiSilicon
	13
	21
	26
	32
	46

	Intel Corporation
	9
	11
	17
	21
	29

	LG Electronics
	9
	12
	20
	27
	45

	Qualcomm Inc.
	7
	9
	15
	20
	29
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Table 6.1.2.1-3: OTDOA horizontal positioning error with modelled synchronization error (T1 = 50ns) [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	7
	9
	12
	14
	18

	Huawei, HiSilicon
	15
	24
	29
	37
	50

	Qualcomm Inc.
	12
	14
	21
	27
	37


6.1.2.2
Case 2a: Outdoor macro + sparse small cells  

Table 6.1.2.2-1: CID horizontal positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Intel Corporation (E-CID)
	16
	27
	87
	121
	170

	Qualcomm Inc.
	28
	41
	70
	93
	289
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Table 6.1.2.2-2: OTDOA horizontal positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Huawei, HiSilicon
	20
	25
	36
	46
	66

	Intel Corporation
	13
	16
	24
	29
	39

	Qualcomm Inc.
	16
	20
	28
	34
	44
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Table 6.1.2.2-3: OTDOA horizontal positioning error with modelled synchronization error (T1 = 50ns) [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Huawei, HiSilicon
	23
	28
	42
	54
	74

	Qualcomm Inc.
	18
	22
	30
	37
	48


6.1.3
Summary for 50m Horizontal Error

Table 6.1.3-1: OTDOA CDF percentiles for 50m horizontal positioning error [%] 

	Scenario
	Ericsson
	Huawei, HiSilicon
	Intel Corporation
	LG Electronics
	Qualcomm Inc. 

	Case 1.A – Macro only
	86% (85%)
	80% (78%)
	94%
	91%
	86% (85%)

	Case 1.B – 4 Small Cells
	93% (92%)
	86% (85%)
	97%
	94%
	97% (97%)

	Case 1.C – 10 Small Cells
	97% (96%)
	90% (88%)
	97%
	96%
	96% (95%)

	Case 2 – Single Stripe
	99% (99%)
	92% (90%)
	97%
	92%
	97% (97%)

	Case 2A – Dual Stripe
	-
	82% (79%)
	95%
	-
	93% (92%)

	Note:
The values in the parenthesis correspond to scenarios with modelled synchronization error (T1 = 50ns).


Observations:

-
The simulation results for the OTDOA simulation assumptions show that horizontal positioning accuracy for indoor positioning can be achieved within the 50 meter threshold.

-
The simulation results for the CID (and E-CID) simulation assumptions show that horizontal positioning accuracy for indoor positioning can be achieved within the 50 meter threshold for dense indoor small cells, but not for sparse indoor small cell scenarios.

6.2
Simulation results for vertical positioning accuracy

The simulation results are taken from the following contributions [11][13][14][15][17].  PRS muting is applied to all of the results, unless otherwise noted (one example in R1-152634 [15]).
Only one valid example of PRS no-muting results are reflected in the OTDOA CDF figures. Other valid results submitted by participating companies are not reflected. The curves without PRS muting are not tabulated in the performance tables corresponding to the figures.
6.2.1
Case 1: Outdoor macro + outdoor small cell deployment scenarios

6.2.1.1
Case 1.A. Outdoor macro + 0 small cells
Table 6.2.1.1.1: CID vertical positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	22
	25
	31
	35
	39

	Intel Corporation (E-CID)
	10
	13
	16
	19
	22

	LG Electronics
	20
	23
	29
	33
	37

	Qualcomm Inc.
	18
	21
	27
	30
	35
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Table 6.2.1.1.2: OTDOA vertical positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	11
	13
	16

	Intel Corporation
	9
	10
	16
	19
	21

	Huawei
	26
	28
	34
	37
	42

	Qualcomm Inc.
	75
	93
	135
	161
	213
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6.2.1.2
Case 1.B. Outdoor macro + 4 small cells
Table 6.2.1.2.1: CID vertical positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	7
	9
	16
	23
	31

	Intel Corporation 
	5
	7
	10
	13
	16

	LG Electronics
	8
	10
	16
	22
	30

	Qualcomm Inc.
	7
	9
	14
	18
	26
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Table 6.2.1.2.2: OTDOA vertical positioning error with perfect synchronization [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	11
	13
	16

	Huawei, HiSilicon
	12
	16
	21
	26
	37

	Intel Corporation
	5
	7
	12
	14
	18

	LG Electronics
	8
	10
	16
	22
	30

	Qualcomm Inc.
	26
	34
	57
	70
	97
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6.2.1.3
Case 1.C. Outdoor macro + 10 small cells
Table 6.2.1.3.1: CID vertical positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	12
	15
	24

	Intel Corporation (E-CID)
	4
	6
	10
	12
	16

	LG Electronics
	7
	9
	14
	18
	27

	Qualcomm Inc.
	7
	8
	12
	16
	24
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Table 6.2.1.3.2: OTDOA vertical positioning error with synchronization error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	11
	13
	16

	Intel Corporation 
	5
	7
	11
	13
	18

	Huawei, HiSilicon
	10
	12
	16
	22
	32

	Qualcomm Inc.
	27
	35
	54
	65
	87
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6.2.2
Case 2: Outdoor macro + indoor small cell deployment scenarios

6.2.2.1
Outdoor macro + dense small cells
Table 6.2.2.1.1: CID vertical positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	1
	1
	1
	1
	1

	Intel Corporation (E-CID)
	1
	1
	1
	3
	14

	LG Electronics
	1
	1
	1
	1
	1

	Qualcomm Inc.
	1
	1
	1
	1
	1
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Table 6.2.2.1.2: OTDOA vertical positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	1
	2
	3
	4
	6

	Huawei, HiSilicon
	1
	1
	23
	23
	23

	Intel Corporation
	1
	1
	3
	6
	11

	Qualcomm Inc.
	4
	6
	12
	16
	22


[image: image18.png]100

90

0.00 10.00 20.00 30.00 40.00 50.00 60.00
OTDOA Vertical Location Error,m




6.2.2.2
Case 2a: Outdoor macro + sparse small cells
Table 6.2.2.2.1: CID vertical positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Intel Corporation (E-CID)
	3
	13
	16
	19
	22

	Qualcomm Inc. 
	16
	21
	28
	32
	37

	LG Electronics
	16
	23
	30
	36
	40
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Table 6.2.2.2.2: OTDOA vertical positioning error with perfect synchronization [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Intel Corporation 
	3
	4
	9
	13
	17

	Huawei, HiSilicon
	14
	17
	23
	23
	23

	Qualcomm Inc.
	20
	28
	52
	88
	135
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Observations:

-
For outdoor macro + outdoor small cell scenarios, existing CID (and E-CID) and OTDOA methods are able to provide vertical accuracy on the order of 10 to 30 meters with 80%.  For outdoor macro + indoor small cell scenarios, results show that increasing indoor small cell amounts significantly improve vertical positioning accuracy.

