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1 Introduction

The indoor positioning study item [1] is gradually progressing towards an agreed upon set of simulation scenarios for evaluating baseline performance as well as comparative evaluations of potential enhancements to improve the positioning accuracy for indoor UEs. [2] summarizes the way forward on evaluation scenarios and assumptions for the indoor positioning study. 
In this contribution, some preliminary simulation results are presented for baseline performance based on a subset of the scenario configurations. 
2 Simulation Setup
As stated in the SID [1], one of the goals of the study item is to evaluate the baseline performance of existing techniques: 

Develop baseline simulation scenarios and evaluate the corresponding baseline performance of the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments to establish a baseline performance [RAN1]
In this paper, the focus is on OTDOA performance for indoor UEs based on an outdoor deployment of macro and small cells. The full set of considered scenario parameters can be found in the Appendix. Some FFS parameters had to be selected in order to complete the preliminary simulations:
· Random building heights of up to 4 floors have been considered.

· Antenna height distribution based on  and  equal to 10 meters. 

· Only indoor UEs are evaluated.
· Carrier frequency is 2.0 GHz for both macro-cells and small cells.
· Four small cells per macro cell.

· Only one subframe of PRS measurements is used in position estimation.
· Macro cells 1-21 are assigned PCI 0-20, small cells 1-84 are assigned PCI 21-104, where small cells 1-4 are deployed within macro cell 1, etc.
· All cells use different PCIs, which implies different PRS sequences.
· PRS resource pattern generated as specified in [3] with a shift based on PCI, and configured for the same subframe.
Two different interference scenarios are considered:

· Favorable interference scenario, where only the desired PRS sequence is considered with thermal noise. Other PRS sequences are either assumed to be transmitted over orthogonal PRS resources or in disjoint subframes. This scenario is intended to demonstrate performance of ideal deployment, which is accomplished by (a) careful PCI planning to obtain desirable PRS resource pattern orthogonality between neighbor cells, and (b) proper muting pattern design to achieve time division of PRS subframes between different cell groups.
· Less favorable interference scenario, where the nine strongest cells are considered as PRS interference source together with thermal noise. This scenario is intended to demonstrate performance of non-optimized deployment from the perspective of UE positioning.
Figure 1 shows an example of small cell and UE drops:
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Figure 1. Example of small cell and UE drops.

3 Simulation results

Figure 2 and 3 show the cumulative distribution function of the resulting positioning accuracy over all simulated UEs that are dropped indoors. In total, 1676 indoor UEs are considered. Only PRSs in one subframe is considered for RSTD estimation. The CDF is presented for the total error (i.e., 3D error), as well as the vertical and horizontal error components. Note that the preliminary simulation study here assumes the simplistic implementation where only PRS in one subframe is considered for RSTD estimation. It is expected that the horizontal performance is improved by considering multiple PRS subframes as well as other features already defined in 3GPP. 
Figure 2 illustrates a favorable interference situation, where interference from other PRSs is considered suppressed or avoided by muting, effectively making thermal noise the main source of interference. The simulation results show that:

· horizontally, 84% of the indoor UEs are positioned with an accuracy of 50 meters or better, and
· vertically, 49% of the indoor UEs are positioned are within 3 meters or better. 
In the simulation it is also observed that the vertical domain accuracy is strongly dependent on the building height.
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Figure 2. Positioning performance in a favorable interference scenario.

Figure 3 illustrates a less favourable interference scenario, where random PRSs resource patterns are assumed for the cells, and PRSs are transmitted in the same subframe for all cells. The simulation results show that:
· horizontally, 45% of the indoor UEs are positioned within 50 meters, and 
· vertically, 48% of the indoor UEs are positioned within 3 meters. 
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Figure 3. Positioning performance in a less favorable interference scenario.

4 Summary
In this contribution some preliminary simulation results are presented, reflecting favorable and less favorable interference scenarios for indoor UEs. The simulation assumes outdoor deployment scenario according to the agreement (where possible), and OTDOA according to the agreed simulation parameters. 

Although the preliminary study only considers PRS in one subframe for each cell, the results show that the positioning accuracy of existing OTDOA technique is very promising for indoor users in both horizontal and vertical dimensions.
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Appendix Simulation parameters
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Layout Hexagonal grid, 3 sectors per site, 7 Macro sites, ISD = Same as SCE scn.1
500m

System BW per carrier 10MHz 10MHz

Carrier frequency 2.0GHz 2.0GHz

Carrier number 1 1

Total BS TX power (Ptotal 46dBm 30dBm

per carrier)

Distance-dependent path 3D-UMa [referring to Table 7.2-1 in TR36.873] 3D-UMi [referring to Table 7.2-1 in TR36.873]

loss

Penetration For outdoor UEs: 0dB For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5d;, (d;, : independent uniform  For indoor UEs: 20dB+0.5d;, (d;, : independent uniform
random value between [ 0, min(25,d) ] for each link) random value between [ 0, min(25,UE-to-eNB distance) ]

for each link)
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Antenna Height:
UE Height

Antenna gain + connector loss
Antenna gain of UE

Fast fading channel between
eNB and UE*

Antenna configuration

Number of clusters/buildings
per macro cell geographical
area

Number of small cells per
cluster

Number of small cells per
Macro cell

UE dropping

3D-UMa [referring to Table 7.3-6 in TR36.873]

3D, referring to TR36.819

25m +a

(a: uniform random variable and its range is FFS)

hy=3(ng —=1) + 1.5m

where, ng ~ uniform(1,Ng) and N; = 4

17 dBi
0 dBi
3D-UMa from TS36.873

2Tx2Rx in DL, Cross-polarized
1

4

3D-UMIi [referring to Table 7.3-6 in TR36.873]
2D Omni-directional baseline.

Optional: 3D, referring to TR36.819

10m +B

(B: uniform random variable and its range is FFS)

5 dBi

3D-UMi from TS36.873

[4]*Number of clusters per macro cell geographical area

2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped
throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.
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Radius for small cell 50m
dropping in a cluster
Radius for UE dropping ina 70m

cluster
Minimum distance (2D Small cell-small cell: 20m
distance) Small cell-UE: 5m
Macro —small cell cluster center: 105m
Macro—UE : 35m
cluster center-cluster center: 2*Radius for small cell dropping in a cluster
UE noise figure 9dB
UE speed 3km/h
Network synchronization Synchronized

Performance metrics CDF of horizontal and vertical accuracy for indoor UEs
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