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1. Introduction

A set of system simulation assumptions for OTDOA positioning work was proposed in [1]. We use these simulation assumptions to provide a set of initial positioning simulation results for the synchronous scenario described in [1].     

2. Simulation Assumptions

The assumptions used for positioning system simulations are given in Table 1, which is taken from [1]. 

Table 1. Simulation assumptions

	Parameter
	Value

	Scenarios (ISD, height, UE speed, penetration loss)
	· Case 1 (500 m, 3 km/h, indoor: 20 dB)

· Case 2 (500 m, 30 km/h, outdoor: 10 dB)

· Case 3 (1732 m, 3 km/h, indoor: 20 dB)

	Cell layout
	Hexagonal grid, wrap around

	Number of sites
	19 sites, with 3-sectored antennas at each site

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Carrier frequency 
	2 GHz (E-UTRAN FDD band 1)

	Carrier bandwidth
	10 MHz

	Channel model
	ETU, EPA

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) 

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Minimum distance between UE and BS
	35 m

	eNode B antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	UE antenna gain
	0 dBi (omni)

	eNode B power
	46 dBm (10 MHz)

	UE noise figure
	9 dB

	Number of transmit antennas
	PRS
	1

	
	CRS
	2

	Number of receive antennas
	2

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS) with full or partial alignment

	Number of consecutive positioning subframes
	(6

	Number of positioning occasions for a fix
	(3

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth


3. Performance Results

In this document, we present simulation results based on the simulation procedure and assumptions according to [1]. We present results for Cases 1 and 3 in a synchronous network assuming ETU channel model. In our simulations, the cell IDs are chosen according to the formula vshift = mod (PCI, 6) as shown in Table 1. Unlike [2], where a coherence accumulation of PRS over six subframes was assumed, in this document we provide simulation results for a single positioning subframe.

In Figure 1, the CDF of PRS SINR values for the best five cell sites at distinct locations are shown for Case 1 and Case 3. For each case, the CDF plots of better cell sites as seen by the UE are located to the right of the CDF plots of worse cell sites. For example, the CDF plot of the best cell site is located to the extreme right, and the CDF plot of the fifth best cell site is located to the extreme left. Case 3, being coverage limited, benefits from processing gain of PRS, whereas Case 1 is interference limited and hence processing gain does not help. The five best cells will be included in the measured cell list for almost all UEs if the PRS SINR value is higher than -10 dB in Case 1 and -20 dB in Case 3 respectively.
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Figure 1: CDF of PRS SINR values for the best five cell sites for Cases 1 and 3.
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Figure 2: CDF of PRP values for the best five cell sites for Cases 1 and 3.
Next, we study the CDF of PRS received signal power (PRP) at the five best cell sites for Cases 1 and 3. The PRP is defined as one-sixth of the total received signal power. This definition of PRP is different from [2], where PRP was defined as received signal power per RB. Since the number of RBs in 10MHz is 50, there is an effective difference of 10*log10(50/6) = 9.2 dB in the PRP simulation results reported here and in [2]. In Figure 2, CDFs of PRP values are shown for the best five cell sites for Case 1 and Case 3.  The PRP values for all five best cell sites are above -115 dBm in Case 1 and above -125 dBm in Case 3. It should be noted that pilot boosting techniques were not used in these simulations.
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Figure 3: Impact of PRS SINR threshold on positioning accuracy of (a) 50 meters, (b) 150 meters.

We now study the impact of the PRS SINR threshold on the positioning accuracy with a fixed number of measurement cells. The three-step approach outlined in [2, Section 2] is followed in these simulations. The simulation results for Case 1 and Case 3 with PRS measurements from 3, 4 and 5 cell sites are presented in Figures 3(a) and 3(b) for accuracy requirements of 50 meters and 150 meters respectively.The FCC Phase II requirements specify a positioning accuracy of 67% at 50 meters and 95% at 150 meters. From Figure 3(a), it can be seen that the FCC requirements are met for Case 1 at 50 meters for all SINR thresholds when 4 or 5 cell sites are used. With 3 cell sites, the requirements are not met for Case 1 at any SINR threshold under consideration. For Case 3 at 50 meters, FCC requirements can be achieved with 3, 4 or 5 cell sites when the PRS SINR levels are chosen above -7.5 dB, -4.4 dB and -4.0 dB respectively. From Figure 3(b), it follows that with 3 cell sites, the FCC requirements at 150 meters are not met for either Case 1 or Case 3. The requirements are met at all SINR threshold levels for Case 1 when 4 or 5 cell sites are used. For Case 3 at 150 meters, the FCC requirements can be achieved with 4 or 5 cell sites when the PRS SINR levels are chosen above -10.0 dB and -9.6 dB respectively. It should however be noted that RAN4 has not yet endorsed the use of FCC requirements for positioning accuracy. 

In Figure 4, the smallest PRP among all UEs is shown against the PRS SINR thresholds for Cases 1 and 3 and for different number of measured cell sites. For Case 3 with measurements from 4 cell sites, the thresholds of -10.0 dB and -4.4 dB correspond to minimum PRP of -113 dBm and -108 dBm respectively. Note that there is a difference of approximately 10 dB with the results of [2], which is due to the difference in the way the PRS is defined. Once again, we note that pilot boosting techniques were not used in these simulations.
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Figure 4: The smallest PRS received signal power versus PRS SINR threshold for different number of measured cells for Case 1 and Case 3.

4. Summary

In this contribution, we presented some initial performance results showing how the OTDOA performance depends on the number of cells detected and on the threshold used for cell detection. We request RAN4 to consider these results in further evaluations on this topic. 
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