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1. Introduction

A working item on positioning support for LTE was approved in TSG-RAN#42 [1]. RAN1 has mainly completed the work on specifying the means for positioning in LTE. The remaning issues for OTDOA positioning [3] are the final positioning reference signal (PRS) pattern and PRS sequences for OTDOA, which have been discussed in the last RAN1 meeting resulting in the proposed changes to 3GPP TS 36.211 [4], introducing positioning subframes configuration and PRS in LTE, and 36.214 [5], introducing new measurements for positioning support in LTE.

In [2], there has been indicated the need for system simulations to assist RAN4 in defining cell search requirements to enable proper PRS measurements and identifying the minimum number of cells necessary to meet a given set of reference positioning accurancy targets. The system simulation assumptions for the studies are proposed in [6]. In this contribution, we present an approach for identifying reference levels of the specified performance indicators and discuss preliminary system simulation results for a selected scenario.
2. System Study Description
The purpose of the system simulation study in this contribution is to investigate the relation between the positioning accuracy and the following parameters:

· number of measured cells,
· minimum PRS SINR for inclusion in the measured cell list,
· lowest received signal power of PRS (PRP) for the cells to measure.
The system simulation procedure and assumptions are according to [6]. We present results for Case 1 and Case 3 in a synchronous network with 10 MHz system bandwidth, assuming ETU channel model. PRS patterns are randomly generated for each cell ID and remain fixed during six consecutive subframes over which the PRS are coherently accumulated in each UE. FCC requirements are considered as a reference in this study.
To identify the minimum number of neighbour cells at distinct locations to be measured and the PRS SINR threshold such that the reference accuracy requirements are met, we follow the following approach:
1. Set the maximum number of cells to be measured (denoted by N) and PRS SINR.
2. Run system simulations (both the system-level part and the integrated link-level part) and generate positioning accuracy CDFs.

3. Identify the probability P of that each of the reference FCC requirements is met.
The considerd sets of values for N and PRS SINR_are {3,4,5} and {-15 dB, 12.5 dB, -10 dB, -7.5 dB, -5 dB, -2.5 dB}, respectively. For every scenario and N, the three steps above are repeated for each PRS SINR threshold. 
For a given requirement target (e.g., 67% probability for the up to 50 m accuracy) the minimum number of cells to be measured is that for which the probability P meets (is equal or exceeds) the requirement target for at least one PRS SINR threshold within the considered range. The minimum PRS SINR target for inclusion in the measured cell list is then the PRS SINR target which exactly corresponds to the accuracy requirement for the identified number of cells.
3. Simulation Results
First, we present PRS SINR and PRP statistics from the system simulations. In Figure 1, we show SINR CDFs for the five best cells at distinct locations in Case 1 and Case 3. For each case, the most right CDF corresponds to the first best cells seen by UEs, and the most left CDF corresponds to the fifth best cells for the UEs. The network becomes more coverage-limited in Case 3, which explains lower SINRs. Six-reuse PRS patterns in combination with low-interference subframes allow overcoming interference in Case 1 (which is typically interference-limited when data transmissions are not muted). From the figure we can see that with the PRS SINR of -10 dB in Case 1 and -20 dB in Case 3 all five best cells will be included in the measured cell list for almost all UEs.
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Figure 1. CDFs of PRS SINRs from the five best cells at distinct locations for Cases 1 & 3.
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Figure 2. CDFs of PRP from the five best cells at distinct locations for Cases 1 & 3.

With random PRS patterns the probability of that a physical neighbor cell suffers from a higher interference than a more remote cell increases, which makes it important to make sure that the received signal from the cells to measure is strong enough. In Figure 2, PRP CDFs are shown for the same sets of cells as in Figure 1, i.e., the first, second, etc. cells are defined based on the PRS SINR. Due to a larger ISD, the PRP are much lower in Case 3, with the 5th percentiles in the range of typical RSRP thresholds defined for cell detection [7] and some cells having PRP even below -130 dBm. In Case 1, PRP of all five best cells are above -118 dBm.
Next, given a fixed number of cells to measure, we study the impact of the PRS SINR threshold on the positioning accuracy. In Figure 3, we present results obtained following the three steps discussed in Section 2. We note that the minimum number of candidate cells to achieve both reference accuracy requirements is four, both in Case 1 and Case 3. With four cells, the 50 m positioning requirement can be met in Case 1 for any PRS SINR threshold in the considered range. In Case 3, to achieve the same requirement only cells with PRS SINR above -7 dB should be included. The PRS SINR threshold, for which the 150 m accuracy requirement is met with four cells in Case 3, is -11.5 dB.
In Figure 4, we show the minimum PRP, among all UEs, that correspond to each of the PRS SINR thresholds. The -7 dB and -11.5 dB thresholds for Case 3 thus correspond to -118 dBm and -123 dBm, respectively, which are in the typical range for cell detection. 
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Figure 3. The impact of the PRS SINR threshold on positioning accuracy.
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Figure 4. The lowest PRS RSP among UEs as a function the PRS SINR threshold and number of measured cells.

4. Summary

We have presented initial system simulation results for a study addressing the relation between the number of candidate cells, PRS SINR threshold, and PRP. With the considered simulation setup and FCC requirements as a reference, the identified minimum number of candidate cells is four. In Case 3 with four cells, the 50 m requirement and 150 m requirement can be met with PRS SINRs above -7 dB and -11.5 dB, respectively, which correspond to PRP of -118 dBm and -123 dBm, respectively.  In Case 1, both requirements are met with any PRS SINR within the considered range.
The presented results are initial system simulation results for the selected scenario. A more extensive set of system simulation results can be considered according to the plan proposed in [6].
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