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1. Introduction
In RAN1 #80bis, the agreements on performance metrics for indoor positioning study were made in [1] as follows: 
	Agreement: 

· In the TR, besides CDF, the following percentiles should be additionally used in a simulation performance summary table:

· 40, 50, 70, 80, 90


In this contribution, we present baseline evaluation results for indoor positioning according to the agreed simulation assumptions. 
2. Baseline evaluation results
In this section, baseline evaluation results for indoor positioning are presented based on the agreed scenarios and assumptions. For evaluation purpose, OTDOA and cell-ID (CID) techniques are utilized as positioning schemes for horizontal and vertical location estimation, respectively. Simulation assumptions on the OTDOA related parameters are given in Appendix. 
The CDFs of the horizontal and vertical location estimation errors for case 1 (i.e., macro + outdoor small cells) are shown in Figure 1 and the 40, 50, 70, 80, and 90-percentile of the CDF for case 1 are given in Table 1. 
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Figure 1. CDF of location estimation errors in terms of horizontal and vertical domain for case 1 (macro + outdoor small cells).

	Horizontal (OTDOA)
	0 small cell per cluster
	4 small cells per cluster
	10 small cells per cluster

	40-percentile error [m]
	10.27
	6.63
	5.05

	50-percentile error [m]
	13.03
	8.27
	6.23

	70-percentile error [m]
	21.33
	12.92
	9.36

	80-percentile error [m]
	28.16
	17.19
	12.24

	90-percentile error [m]
	39.36
	25.31
	17.99


	Vertical (CID)
	0 small cell per cluster
	4 small cells per cluster
	10 small cells per cluster

	40-percentile error [m]
	20.50
	8.50
	7.50

	50-percentile error [m]
	23.50
	10.50
	9.50

	70-percentile error [m]
	29.50
	16.50
	14.50

	80-percentile error [m]
	33.50
	22.50
	18.50

	90-percentile error [m]
	37.50
	30.60
	27.50


Table 1. Horizontal and vertical positioning errors for case 1 (macro + outdoor small cells).

In our simulations, we assume that the maximum number of cells for RSTD measurement is limited to 20. With this assumption, note that if too many small cells with similar geographical location are chosen as nodes for RSTD measurement, it can results in the lack of information of location estimation. For example, for the case 1 with 10 small cells per cluster, some UE can pick nodes for RSTD measurement from a couple of clusters, which will give a poor horizontal positioning performance. Thus, it is assumed that several macro cells and small cells of only one cluster within the serving sector can be chosen as nodes for RSTD measurement.
As shown in Figure 1, it is observed that the location estimation performance is improved as the number of small cells per cluster increases. Given that the requirement from FCC for horizontal location error is less than 50 m, it seems that OTDOA horizontal positioning can already provide quite sufficient positioning performance for case 1. Compared to evaluation results in [2], it can be seen that CID vertical positioning performance is better than OTDOA vertical positioning performance. Nevertheless, for the vertical location estimation in case 1, further enhancement to positioning techniques is needed considering that the requirement from FCC for vertical location error is less than 3 m. 

The CDFs of the horizontal and vertical location estimation errors for case 2 (macro + indoor small cells) are depicted in Figure. 2 and the 40, 50, 70, 80, and 90-percentile of the CDF for case 2 are given in Table 2.
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Figure 2. CDF of location estimation errors in terms of horizontal and vertical domain for case 2 (macro + indoor small cells).

	Horizontal (OTDOA)
	

	40-percentile error [m]
	6.87

	50-percentile error [m]
	8.40

	70-percentile error [m]
	13.04

	80-percentile error [m]
	17.04

	90-percentile error [m]
	26.77


	Vertical (CID)
	

	40-percentile error [m]
	1.00

	50-percentile error [m]
	1.00

	70-percentile error [m]
	1.00

	80-percentile error [m]
	1.00

	90-percentile error [m]
	1.00


Table 2. Horizontal and vertical positioning errors for case 2 (macro + indoor small cells).

For case 2, it is observed that OTDOA and CID techniques can provide good positioning performance for both horizontal and vertical positioning both of which can meet the requirement from FCC. In particular, for positioning in terms of vertical domain, the floor identification can be performed well if small cells are sufficiently deployed on each floor. 

Proposal 1: We propose the evaluation results to be included in TR 37.857.
3. Conclusion
In this contribution, we presented initial baseline evaluation results with utilizing OTDOA and CID based on the agreed evaluation scenarios and simulation assumptions for indoor positioning study.  
Proposal 1: We propose the evaluation results to be included in TR 37.857.
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Appendix: Evaluation assumptions for OTDOA related parameters
	Parameter
	Value

	System bandwidth per carrier
	10 MHz

	Carrier frequency
	2 GHz

	Cell planning
	PCI planning for macro and small cells

	Network synchronization
	Synchronous

	Duplex modes
	FDD

	Cyclic prefix
	Normal

	Number of consecutive positioning subframes per occasion
	1

	PRS periodicity
	160 ms

	PRS bandwidth
	Full system bandwidth

	PRS muting
	With PRS muting (orthogonal patterns)

	PRS Power boosting
	10log6 dB

	PDSCH transmission
	No PDSCH transmission in positioning occasions
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