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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]. In order to have a better quantitative representation of the CDF curves, it has been agreed that:

For simulations, the horizontal accuracy should be reported as a CDF across a percentage of indoor users where an accuracy threshold of 50 meters is being met. The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.
For evaluation results, the vertical accuracy should be reported as a CDF across a percentage of indoor users where an accuracy threshold (in meters) is being met.  The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.

This contribution is the updated version of [2], and the updated baseline evaluation results for OTDOA are tabularized and presented based on the agreed presentation framework. 
Scenarios and Assumptions
As stated in the SID [3], one of the goals of the study item is to evaluate the baseline performance of existing techniques. In this contribution, the focus is on the performance of OTDOA and CID methods for the following two deployment scenarios that are defined in [1].
Case 1: Outdoor macro + outdoor small cell deployment scenarios
Case 2: Outdoor macro + indoor small cell deployment scenario 

Assumptions: All the results are based on the following assumptions:
· 2.0 GHz carrier frequency for both outdoor macro and small cells,
· perfectly synchronized network, 
· radio distance wrapping technique as described in [4], 
· receiver model as described in [5],
· Ideal muting, where only the desired PRS corrupted by additive thermal noise is considered. The other PRS (i.e., those from other eNB) are assumed to be transmitted over orthogonal resources. Such interference-free situation can be accomplished by PRS resource pattern planning via PCID planning, and/or PRS subframe muting between different cell groups. 
Figure 1 and Figure 2 illustrate the deployment scenarios that we have considered in our simulations. Here, the blue dots represent UE droppings and the red circles represent small cells. The macro cells have the same configuration in all cases. 


[image: ]
Figure 1. Example of Case 1 deployment with number of small cells = {0,4,10}
[image: ]
Figure 2. Example of Case 2 deployment scenario
Simulation Results
Here the simulation results for both horizontal and vertical positioning accuracies are presented in terms of cumulative distribution function (CDF) of positioning error for indoor UEs in both deployment scenarios (Case 1 and Case 2). In order to have a better understanding of the OTDOA performance, the CID method is also applied and presented for each case.  
Horizontal Positioning Accuracy
The horizontal accuracy of CID and OTDOA for both Case 1 and Case 2 are presented in this section. The performance of both methods is evaluated with reference to the 50m accuracy target (vertical dashed lines in the figures). The percentile values of the CDF curves are presented in Tables 1 and 2 for Case 1 and Case 2, respectively. All the error values are rounded down to the closest integer. Table 3 gives the summary of the horizontal positioning accuracy of both methods within 50 m accuracy for all studied cases. 

Case 1: Outdoor macro + outdoor small cell deployment scenarios
Figure 3 and Figure 4 present the performance of (1) CID method, (2) the OTDOA method with ideal muting, in terms of the horizontal positioning accuracy for the first deployment scenario (Case 1).
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Figure 3. CID horizontal positioning accuracy performance for Case 1
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Figure 4. OTDOA horizontal positioning accuracy performance for Case 1 under ideal muting interference scenario
The results in Figure 4 and the values in Table 1 show that by using a proper muting configuration assignment for OTDOA, we are able to satisfy the long term FCC requirements on horizontal positioning accuracy even for the macro-only deployment. 





Table 1. Horizontal positioning error [m] of different probability percentiles for Case 1
	Scenario
	Method
	40%
	50%
	70%
	80%
	90%

	Macro + 10 small cells
	CID
	34
	42
	86
	122
	184

	Macro + 4 small cells
	CID
	47
	64
	124
	177
	250

	Macro – only
	CID
	187
	212
	268
	308
	404

	Macro + 10 small cells
	OTDOA
	11
	13
	19
	25
	36

	Macro + 4 small cells
	OTDOA
	11
	14
	21
	28
	40

	Macro - only
	OTDOA
	13
	17
	27
	36
	60



Case 2: Outdoor macro + indoor small cell deployment scenarios
Figure 5 presents the horizontal positioning accuracy for CID and OTDOA method with muting for Case 2. Although the OTDOA method under ideal muting outperforms the CID method, the CID method is also very promising. It is concluded that the CID method is adequate for this case with dense indoor small cells. 
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Figure 5. CID/ OTDOA horizontal positioning accuracy performance for Case 2
Table 2. Horizontal positioning error [m] of different probability percentiles for Case 2
	Scenario
	Method
	40%
	50%
	70%
	80%
	90%

	Macro + Indoor small cell
	CID
	13
	15
	20
	24
	31

	Macro + Indoor small cell
	OTDOA
	5
	6
	9
	12
	16



Summary of Horizontal Positioning Accuracy
The numerical results for the horizontal accuracies within 50m for all scenarios and positioning methods are summarized in Table 1. The red bold values identify the cases where favorable horizontal accuracy is reached. 
Table 3. Percentage of horizontal positioning error < 50 [m]
	Scenarios
	CID
	OTDOA

	Case 1: Macro-only
	0
	86%

	Case 1: Macro + 4 outdoor small cells
	43%
	93%

	Case 1: Macro + 10 outdoor small cells
	55%
	97%

	Case 2: Macro + Indoor small cell
	97%
	99%



Observations for horizontal accuracy:
Observation 1. The CID method has relatively poor performance for the outdoor deployment scenario, and basically no UEs could be detected within 50m horizontal accuracy for the macro-only deployment. On the other hand, the CID provides good accuracy for the dense indoor deployment.

Observation 2. The OTDOA method with muting interference scenario gives promising results for all the studied scenarios. We can easily extend the results for the sparse indoor scenario which was not studied in this contribution. This is due to the fact that the macro-only deployment has also 86% of the UEs within 50m horizontal accuracy.

Vertical Positioning Accuracy
The vertical accuracy of CID and OTDOA for both Case 1 and Case 2 are presented in this section. The percentile values of the CDF curves are presented in Tables 4 and 5 for Case 1 and Case 2, respectively. All the error values are rounded down to the closest integer. Table 6 gives the summary of the vertical positioning accuracy of both methods within 3 m accuracy for all studied cases. 

Case 1: Outdoor macro + outdoor small cell deployment scenarios
Figure 6 and Figure 7 present the performance of (1) CID method, (2) the OTDOA method with ideal muting, in terms of the vertical positioning accuracy for the first deployment scenario (Case 1).
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Figure 6. CID vertical positioning accuracy performance for Case 1
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Figure 7. OTDOA vertical positioning accuracy performance for Case 1 under ideal muting interference scenario
The results from the figures and the values in Table 4 show that the OTDOA and CID methods are not able to provide satisfactory vertical accuracy for Case 1 scenario. 

Table 4. Vertical positioning error [m] of different probability percentiles for Case 1
	Scenario
	Method
	40%
	50%
	70%
	80%
	90%

	Macro + 10 small cells
	CID
	5
	7
	12
	15
	24

	Macro + 4 small cells
	CID
	7
	9
	16
	23
	31

	Macro – only
	CID
	22
	25
	31
	35
	39

	Macro + 10 small cells
	OTDOA
	5
	7
	11
	13
	16

	Macro + 4 small cells
	OTDOA
	5
	7
	11
	13
	16

	Macro - only
	OTDOA
	5
	7
	11
	13
	16




Case 2: Outdoor macro + indoor small cell deployment scenarios
Figure 8 presents the vertical positioning accuracy for CID and OTDOA with ideal muting for Case 2. As almost all the UEs are covered by the small cells in the same floor, the CID method provides quite accurate vertical position of the UE. OTDOA is also capable of providing vertical position estimation, but the accuracy level is not as good as that of CID. 
[image: ]
Figure 8. CID/ OTDOA vertical positioning accuracy performance for Case 2
Table 5. Vertical positioning error [m] of different probability percentiles for Case 2
	Scenario
	Method
	40%
	50%
	70%
	80%
	90%

	Macro + Indoor small cell
	CID
	1
	1
	1
	1
	1

	Macro + Indoor small cell
	OTDOA
	1
	2
	3
	4
	6



Summary of Vertical Positioning Accuracy
The numerical results for the vertical accuracies for all scenarios and positioning methods are summarized in Table 6. While the threshold for vertical performance is undecided, 3 meters is used as a tentative threshold in Table 6. The red bold values are where favorable vertical accuracy is reached.

Table 6. Percentage of vertical positioning error < 3 [m]
	Scenarios
	CID
	OTDOA

	Case 1: Macro-only
	3%
	26%

	Case 1: Macro + 4 outdoor small cells
	20%
	26%

	Case 1: Macro + 10 outdoor small cells
	21%
	28%

	Case 2: Macro + indoor small cell
	99%
	66%



Observations for vertical accuracy:
Observation 3. Although OTDOA is able to slightly perform better than the CID method for the vertical position for the outdoor deployment, it is observable from the results that it is difficult to provide vertical accuracy within 3m accuracy with either of these techniques.

Observation 4. For the dense indoor configuration the CID provides floor level accuracy as almost all the UEs are covered by a small cell in the same floor. 

Observation 5. The OTDOA is also able to provide reasonably good vertical accuracy performance for Case 2, corresponding to floor level accuracy or better.

Conclusion
The baseline evaluation results for OTDOA and CID are presented. Based on the results, we have the following observations:
Observation 1. The CID method has relatively poor performance for the outdoor deployment scenario, and basically no UEs could be detected within 50m horizontal accuracy for the macro-only deployment. On the other hand, the CID provides good accuracy for the dense indoor deployment.

Observation 2. The OTDOA method with muting interference scenario gives promising results for all the studied scenarios. We can easily extend the results for the sparse indoor scenario which was not studied in this contribution. This is due to the fact that the macro-only deployment has also 86% of the UEs within 50m horizontal accuracy.

Observation 3. Although OTDOA is able to slightly perform better than the CID method for the vertical position for the outdoor deployment, it is observable from the results that it is difficult to provide vertical accuracy within 3m accuracy with either of these techniques.

Observation 4. For the dense indoor configuration the CID provides floor level accuracy as almost all the UEs are covered by a small cell in the same floor. 

Observation 5. The OTDOA is also able to provide reasonably good vertical accuracy performance for Case 2, corresponding to floor level accuracy or better.
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