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1 Introduction

In this contribution, we provide initial system level simulation results of UE positioning performance using evaluation methodology agreed for indoor positioning study item [1]. We analyse OTDOA based positioning technology for two indoor deployment scenarios using PRS only processing for RSTD measurements. The main goal of the current analysis, is to try to identify the main limiting factors (if any) for 2D/3D UE positioning in selected scenarios. Given that evaluation methodology of the indoor positioning study item is not yet finalized [2]-[3], we take our own assumptions for the aspects that are currently FFS.
Our views on potential positioning enhancement technologies that may be applied to further improve UE positioning in indoor scenarios are discussed in our companion contribution [4].
2 Deployment Scenarios
In this analysis, we consider two different deployment scenarios that were discussed at the previous RAN1 WG meetings for evaluation in the framework of the study item. In particular, we study the following deployments scenarios:
· Scenario 1. Outdoor Macro Cell + Outdoor Small Cell Scenario;
· Scenario 2. Outdoor Macro Cell + Indoor Small Cell Scenario.
These scenarios may be characterized by different technical challenges for OTDOA based UE positioning and are expected to have different performance in terms of hearability, quality of RSTD measurements and possibility to apply 3D based positioning. These and other challenges are analyzed and discussed in more details in the subsequent sections.
3 Evaluation Assumptions
For our system level analysis, we used system level assumptions summarized in documents [2]-[3], agreed by RAN1 WG. In these documents, some of the evaluation parameters are still FFS. In order to conduct initial study, we have taken the following assumptions for FFS parameters, which are not fixed in [2]-[3]:
· Carrier frequency for small cells: 2GHz (same as for Macro cell);

· Antenna height:
· Scenario 1: Macro cell = 25m + α (α = 0); Small cell 10m + β, (β = 0);
· Number of small cells:
· Scenario 1: 4 cells per small cell cluster;
· Scenario 2: 4 cells per floor of the dropped building (number of floors is 4);
· UE dropping:
· Scenario 1: 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.
· Scenario 2: The total number of UEs are uniformly dropped across all floors within the dropped building.
· Layout for Scenario 2: same as in Small Cell Enhancement SI (see scenario 2b dense) with the exception of the number of floors - 4 floors and deployment of the cells per floor as shown in Figure 1:
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Figure 1: Small cell location for Scenario 2.
· Network synchronization: all cells are ideally synchronized in all scenarios.

In addition to the system level parameters which are deployment specific, we also used additional assumptions related to the transmission of PRS signals, RX processing for RSTD measurements and applied UE positioning algorithm. The detailed summary of these parameters is given in Appendix A.
In order to check positioning performance, we have analyzed the following performance metrics:

· Statistics of ordered SINR: wideband SINR distribution measured over PRS signals from different cells;
· Hearability: amount of cells having unique location and characterized by wideband SINR > -13dB;

· 2D/3D positioning accuracy: As a final performance metric we analyze the UE positioning error. We mainly focus on 2D positioning error, as the altitude error suffers from the lack of information on altitude, given that eNBs in scenarios 1 and 2 have the same antenna heights.
For the analysis of OTDOA based positioning, we use practical timing estimation algorithm based on PRS processing. The single shot processing in one PRS subframe was applied for timing measurements and evaluated in system level simulation platform supporting full modeling of propagation delays and PRS signal transmission.
4 Ordered SINR Statistics
One of the important aspects for OTDOA technology is the feasibility of accurate measurements of reception timing from multiple synchronized sources. Depending on scenario the accuracy of the reception timing may be limited by noise, by interference or both. Given that the main scope of the SI is analysis of indoor UEs, it may be expected that indoor UEs performing timing measurements for multiple sources are constrained by noise, so that only small number of timing measurements may be considered as accurate. To analyze whether indoor UE measurements are interference or noise limited, we plotted the distribution of the PRS SINR from the cells having unique locations (for each UE, cells are sorted in descending SINR order observed at the PRS REs coming from different cells).
The statistics of the PRS SINR is dependent on deployment specific cell ID planning. For PRS transmission, the frequency reuse 6 is defined by the LTE specification, so that there are 6 frequency orthogonal PRS patterns available. Additional reuse in time can be enabled by utilizing muting pattern over PRS occasions, which mutes PRS transmissions of certain cells at a predetermined PRS occasion. In order to check sensitivity to PRS interference, we analyzed two cases:
· PRS Muting Off. In this case, there are only 6 PRS patterns orthogonal in frequency.
· PRS Muting On. In this case, we apply 8 bit PRS muting over time assuming 1 out of 8 combinations (i.e. [1 0 0 0 0 0 0 0], [0 1 0 0 0 0 0 0], …, [0 0 0 0 0 0 0 1]). In total, there are 48 orthogonal time-frequency PRS patterns.
The statistics of the ordered SINR for all considered scenarios is shown in Figure 2. Note that we have not optimized cell ID planning across small cell layer across whole deployment and only guaranteed that cells of the same Macro site have frequency orthogonal PRS patterns. The PRS muting pattern is randomly selected across all cells.
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Scenario 1. PRS Muting Off (6 patterns)
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Scenario 1. PRS Muting On (48 patterns)
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Scenario 2. PRS Muting Off (6 patterns)
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Scenario 2. PRS Muting On (48 patterns)

	Figure 2: Ordered SINR Statistics (Left side – 6 PRS patterns, Right side – 48 PRS patterns).


Based on the analysis of the ordered SINR distribution for PRS transmission with and without PRS muting (see Figure 2) we draw the following observations:
Observation 1
· In considered scenarios, PRS muting enables higher SINR values and thus may facilitate more accurate timing measurements using PRS signals.
· Considered deployment scenarios (under the given simulation assumptions) are more interference limited, since quite substantial SINR improvement is observed when PRS muting is applied.
5 Hearability Analysis 
Another performance metric which needs to be considered is a hearability. According to our definition, it provides information on how many sources (unique coordinates) with SINR > SINRTARGET can be observed at the receiver. This metric provides rough estimates of how many sources can be potentially used to perform UE positioning. The hearability statistics for considered scenarios is shown in Figure 3.
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Scenario 1. PRS Muting Off (6 patterns)
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Scenario 1. PRS Muting On (48 patterns)
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Scenario 2. PRS Muting Off (6 patterns)
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Scenario 2. PRS Muting On (48 patterns)

	Figure 3: Hearability Statistics (Left side – 6 PRS patterns, Right side– 48 PRS patterns).


Observation 2
· The amount of nodes/cells that can be used for UE positioning varies across considered deployment scenarios and across outdoor and indoor UEs.
· Similar to ordered SINR statistic, we observe that PRS muting substantially increases the amount of sources with target SINR > -13dB (> 10 sources can be used for timing estimation when PRS muting is applied).

6 Positioning Accuracy

6.1 2D Positioning Accuracy

In this section, we analyse distribution of the UE positioning errors assuming single shot PRS processing. We solve 2D positioning problem, although eNBs and UEs are dropped in 3D space. For analysis, we limit the maximum number of cells for RSTD measurements to 20, although 20 cells for RSTD measurements may not be available at each UE. In particular, we exclude sources with SINR < -13 dB. The ML based positioning problem is formulated and solved iteratively using Taylor series expansion method [5].
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Scenario 1. Macro Cell – Outdoor Small Cell
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Scenario 2. Macro Cell – Indoor Small Cell

	Figure 4: Distribution of 2D positioning error across UEs.


Observation 3
· The PRS muting has significant impact on UE timing estimation and finally on UE positioning error.
· It is challenging to achieve good 2D indoor positioning accuracy w/o PRS muting.

· The enhanced PRS processing may improve performance for scenarios w/o PRS muting.
6.2 Altitude Accuracy (3D Positioning)

In our studies, we have also looked on performance of the 3D based positioning. However, given that all cells have relatively low and the same antenna heights, we observe that the accurate altitude estimation is challenging to achieve using OTDOA only techniques due to lack of information / diversity of reference nodes over altitude.
For Scenario 2 with indoor small cells, it may be possible to use cell proximity detection in order to determine the UE floor. Our analysis has shown that in 99% of the cases, the altitude coordinate of the best cell in terms of received power can be used as an UE altitude coordinate estimate (see Figure 5).
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Figure 5. Altitude estimation through cell proximity detection (Scenario 2).
Observation 4
· The altitude accuracy requirement is challenging to achieve using OTDOA only based positioning.
· System level solutions may be required to provide more accurate estimation of 3D coordinates.
· In scenarios with indoor small cells, the cell proximity detection can be used to determine UE altitude coordinate.
· Further analysis in scenarios with different eNB antenna heights is needed to finally conclude on performance.
7 Summary

In this contribution, we provided initial analysis of the OTDOA based positioning performance in deployment scenarios agreed for indoor positioning study item. Based on the results of the initial study we have the following set of observations:
Observation 1
· In considered scenarios, PRS muting enables higher SINR values and thus may facilitate more accurate timing measurements using PRS signals.
· Considered deployment scenarios (under the given simulation assumptions) are more interference limited, since quite substantial SINR improvement is observed when PRS muting is applied.
Observation 2
· The amount of nodes/cells that can be used for UE positioning varies across considered deployment scenarios and across outdoor and indoor UEs.

· Similar to ordered SINR statistic, we observe that PRS muting substantially increases the amount of sources with target SINR > -13dB (> 10 sources can be used for timing estimation when PRS muting is applied).

Observation 3
· The PRS muting has significant impact on UE timing estimation and finally on UE positioning error.

· It is challenging to achieve good 2D indoor positioning accuracy w/o PRS muting.

· The enhanced PRS processing may improve performance for scenarios w/o PRS muting.

Observation 4
· The altitude accuracy requirement is challenging to achieve using OTDOA only based positioning.

· System level solutions may be required to provide more accurate estimation of 3D coordinates.

· In scenarios with indoor small cells, the cell proximity detection can be used to determine UE altitude coordinate.

· Further analysis in scenarios with different eNB antenna heights is needed to finally conclude on performance.
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Appendix – System Level Evaluation Assumptions 
In this section, we provide summary of all simulation assumptions used for current analysis. The relevant set of system level evaluation assumptions as well as system level parameters is provided in Table 1 and Table 2 respectively.

Table 1. Summary of system level evaluation assumptions for positioning and timing estimation.
	Positioning method

	OTDOA Positioning Method
	2D and 3D ML positioning problem is formulated and solved by iterative algorithm based on Taylor series expansion method. 

The error weighting matrix is proportional to instantaneous PRS SINR measured over wideband.

Initial guess is the average coordinate of the 5 nodes with unique locations (selected according to largest SINR).

	Cell ID Planning
	No specific planning at small cell layer.
Sectors of Macro cell use orthogonal PRS pattern. Unique Cell IDs are assigned when feasible.

	PRS muting information
	Two cases are considered: 
1) w/o PRS muting – 6 orthogonal PRS patterns;

2) with PRS muting – 48 orthogonal PRS patterns.

	Max number of cells for RSTD measurements
	Maximum number of sources is restricted to 20.
Sources with SINR < -13dB are excluded from considerations, assuming high likelihood of non-accurate timing measurements.

	Reference cell 
	Serving cell (max received power criterion)

	Timing estimation

	Timing estimation
	Search window is restricted to [+/- 200 Ts] relative to the serving cell.
Threshold based algorithm for the first arrival path detection with non-coherent combining across UE antennas.
Low interference subframes are assumed (w/o data and control signals)

Only PRS processing for timing estimation of neighboring cells.

	PRS info
	10 MHz is used for PRS bandwidth. No boosting. No up-sampling is applied.

	Cyclic Prefix
	Extended cyclic prefix was used in analysis.
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