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Introduction
At RAN1#80bis, significant progress has been made to evaluate the initial simulation results of the proposed scenarios and enhancements of the indoor positioning study item. All the agreed parameters and scenario specifications are summarized in [1], and five companies presented baseline evaluation results of OTDOA and CID. 
This contribution summarizes these baseline evaluation results submitted by the five companies to RAN1#80bis meeting [2-6]. The evaluation results are summarized considering the following agreement: 
The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.
It is expected that these tables are to be captured in TR37.857, tabulating baseline evaluation results for all scenarios and for all the agreed percentages for OTDOA and CID. The tables can be further updated considering new and revised simulation results submitted to RAN1#81.     
Simulation Results for Horizontal Positioning Accuracy
The simulation results are taken manually from the contributions [2-6]. The empty boxes represent the fact that the corresponding company has not provided the result for that particular item. Some values are approximately picked based on the CFD curves and might have slight accuracy issue. The values in the tables are the positioning error in meters.  
Case 1: Outdoor macro + outdoor small cell deployment scenarios
Outdoor macro + 10 small cells 
Table 2.1.1.1: CID horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	34
	42
	86
	122
	184

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	
	
	
	
	

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	23
	31
	64
	100
	156



Table 2.1.1.2: OTDOA horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	11
	13
	19
	25
	36

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	14
	17
	23
	25
	32

	LG Electronics
	5
	6
	9
	12
	18

	Qualcomm Inc.
	14
	17
	22
	27
	35




Outdoor macro + 4 small cells
Table 2.1.2.1: CID horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	47
	64
	124
	177
	250

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	
	
	
	
	

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	37
	50
	83
	
	172



Table 2.1.2.2: OTDOA horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	11
	14
	21
	28
	40

	Huawei, HiSilicon
	11
	18
	32
	45
	67

	Intel Corporation
	15
	18
	25
	28
	35

	LG Electronics
	6
	8
	13
	17
	25

	Qualcomm Inc.
	15
	18
	24
	28
	36



Outdoor macro + 0 small cells
Table 2.1.3.1: CID horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	187
	212
	268
	308
	404

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	
	
	
	
	

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	
	
	240
	
	448



Table 2.1.3.2: OTDOA horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	13
	17
	27
	36
	60

	Huawei, HiSilicon
	25
	33
	46
	58
	73

	Intel Corporation
	17
	22
	27
	30
	42

	LG Electronics
	10
	13
	21
	28
	39

	Qualcomm Inc.
	20
	25
	35
	42
	57




Based on the baseline simulations results submitted by the companies so far, we have the following observation:
Observation 1:
· For Outdoor macro + outdoor small cell scenarios with deployed small cells: 
· Existing OTDOA method can meet the horizontal accuracy threshold of 50 meters with at least 80%. 
· For Outdoor macro-only scenario: 
· Existing OTDOA method can meet the horizontal accuracy threshold of 50 meters with at least 70%. 
· All company’s results except one show that OTDOA can meet the horizontal 50 meter threshold with at least 80%.   

Case 2: Outdoor macro + indoor small cell deployment scenarios
Outdoor macro + dense small cells 
Table 2.2.1.1: CID horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	13
	15
	20
	24
	31

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	
	
	
	
	

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	13
	17
	21
	22
	27



Table 2.2.1.2: OTDOA horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	6
	9
	12
	16

	Huawei, HiSilicon
	6
	10
	17
	35
	61

	Intel Corporation
	7
	10
	18
	23
	29

	LG Electronics
	6
	8
	13
	17
	27

	Qualcomm Inc.
	6
	8
	13
	20
	29



Case 2a: Outdoor macro + sparse small cells 

Table 2.2.2.1: CID horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	
	
	
	
	

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	
	
	
	
	

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	
	
	
	
	



Table 2.2.2.2: OTDOA horizontal positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	
	
	
	
	

	Huawei, HiSilicon
	18
	29
	48
	62
	85

	Intel Corporation
	16
	20
	26
	29
	38

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	
	
	
	
	



Observation 2:
· For Outdoor macro + dense indoor small cell scenarios: 
· Existing CID and OTDOA methods can meet the horizontal accuracy threshold of 50 meters with at least 80%. 

Simulation Results for Vertical Positioning Accuracy
The simulation results are taken from the following contributions [2-6]. The empty boxes represent the fact that the corresponding company has not provided the result for that particular item. Some values are approximately picked based on the CFD curves and might have slight accuracy issue.  
Case 1: Outdoor macro + outdoor small cell deployment scenarios
Outdoor macro + 10 small cells 
Table 3.1.1.1: CID vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	12
	15
	24

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	5
	7
	11
	13
	16

	LG Electronics
	7
	9
	13
	18
	27

	Qualcomm Inc.
	5
	7
	12
	15
	23



Table 3.1.1.2: OTDOA vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	11
	13
	16

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	5
	7
	11
	13
	17

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	27
	34
	52
	
	87



Outdoor macro + 4 small cells 
Table 3.1.2.1: CID vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	7
	9
	16
	23
	31

	Huawei, HiSilicon
	9
	12
	16
	22
	32

	Intel Corporation
	5
	8
	10
	14
	17

	LG Electronics
	8
	10
	17
	22
	30

	Qualcomm Inc.
	6
	8
	13
	18
	25



Table 3.1.2.2: OTDOA vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	11
	13
	16

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	5
	7
	12
	13
	18

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	26
	33
	53
	
	97



Outdoor macro + 0 small cells

Table 3.1.3.1: CID vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	22
	25
	31
	35
	39

	Huawei, HiSilicon
	25
	28
	34
	37
	41

	Intel Corporation
	10
	13
	17
	19
	22

	LG Electronics
	20
	24
	29
	34
	37

	Qualcomm Inc.
	18
	20
	26
	30
	34



Table 3.1.3.2: OTDOA vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	5
	7
	11
	13
	16

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	10
	11
	16
	19
	22

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	
	
	130
	
	213



Observation 3:
· For Outdoor macro + outdoor small cell scenarios, existing CID and OTDOA methods are able to provide vertical accuracy on the order of 10s to 30s meters with 80%. 

Case 2: Outdoor macro + indoor small cell deployment scenarios
Outdoor macro + dense small cells 
Table 3.2.1.1: CID vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	1
	1
	1
	1
	1

	Huawei, HiSilicon
	1
	1
	23
	23
	23

	Intel Corporation
	1
	1
	2
	4
	13

	LG Electronics
	1
	1
	1
	1
	1

	Qualcomm Inc.
	1
	1
	1
	1
	1



Table 3.2.1.2: OTDOA vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	1
	2
	3
	4
	6

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	1
	2
	4
	6
	12

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	4
	6
	12
	16
	22





Case 2a: Outdoor macro + sparse small cells 
Table 3.2.2.1: CID vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	
	
	
	
	

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	4
	13
	16
	19
	22

	LG Electronics
	14
	17
	23
	23
	23

	Qualcomm Inc.
	
	
	
	
	



Table 3.2.2.2: OTDOA vertical positioning error [m]
	Company
	40%
	50%
	70%
	80%
	90%

	Ericsson
	
	
	
	
	

	Huawei, HiSilicon
	
	
	
	
	

	Intel Corporation
	3
	5
	10
	13
	18

	LG Electronics
	
	
	
	
	

	Qualcomm Inc.
	
	
	
	
	



Observation 4:
· For Outdoor macro + dense in door small cell scenarios, existing CID methods is able to provide vertical accuracy of 1-4 meters with 80%. 

Conclusion
In this contribution, we summarized the baseline evaluation results submitted by companies so far [2-6]. We have the following observations and proposal.

Observations:
Horizontal Accuracy:
· For Outdoor macro + outdoor small cell scenarios with deployed small cells: 
· Existing OTDOA method can meet the horizontal accuracy threshold of 50 meters with at least 80%. 
· For Outdoor macro-only scenario: 
· Existing OTDOA method can meet the horizontal accuracy threshold of 50 meters with at least 70%. 
· All company’s results except one show that OTDOA can meet the horizontal 50 meter threshold with at least 80%.   
· For Outdoor macro + dense indoor small cell scenarios: 
· Existing CID and OTDOA methods can meet the horizontal accuracy threshold of 50 meters with at least 80%. 
Vertical Accuracy:
· For Outdoor macro + outdoor small cell scenarios, existing CID and OTDOA methods are able to provide vertical accuracy on the order of 10s to 30s meters with 80%. 
· For Outdoor macro + dense in door small cell scenarios, existing CID methods is able to provide vertical accuracy of 1-4 meters with 80%. 

Proposal:
· Capture above Tables summarizing the evaluation results in TR37.857.
· Capture above Observations summarizing the evaluation results in TR37.857.
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