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1. Introduction

In this document, we provide some initial simulation results for LTE positioning to enable further discussions on the topic.    
2. PRS Design
In RAN1 #57bis, a positioning reference signal (PRS) was adopted to enable enhanced hearbility of neighboring sectors [1].  The PRS pattern is transmitted from a single antenna port with a reuse factor of 6. This is as shown in Figure 1. 
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Figure 1 – Resource Block Pair in a Positioning Subframe

3.  Simulation Assumptions
The assumptions used for positioning system simulations are given in table 1. 
Table 1 Simulation Assumptions

	Parameter
	Value

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942 [5])

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) [6]

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

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h

	Carrier bandwidth
	10 MHz

	eNodeB power
	46 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU, Bad Urban Profile of T1P1 [7]

	Network synchronization
	Asynchronous, Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of receive antennas
	2

	Time to fix
	1 second

	Positioning Period
	80ms


4. Performance Results
The positioning performance results for ETU are shown in Figure 2, and those for the Bad Urban model are shown in Figure 3. The CDFs of the positioning accuracy and the number of the detected cells are shown for each case. Three different scenarios are presented in each curve. 
“Plain OTDOA” corresponds to the scenario when no positioning subframes are used. Since no interference mitigation is provided for enabling detection of weaker cells, a smaller number of cells are seen compared to the other two scenarios. “Async CRS” corresponds to the scenario when each cell uses a positioning subframe, however the positioning subframes do not necessarily overlap. In such a scenario, a UE could detect the CRS of the weaker cells in the positioning subframe of its strongest cell. This improves the number of cells detected since CRS from cells weaker than the dominant cell can be detected.  “Sync CRS + PRS” refers to the scenario in which the positioning subframes overlap, and the cells use a positioning reference signal (PRS).  This allows the UE to detect the largest number of cells due to the low reuse on the PRS, and hence the best positioning accuracy. 
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Figure 2 Positioning Accuracy and Number of Detected Cells, ETU
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Figure 3 Positioning Accuracy and Number of Detected Cells, Bad Urban

It should be noted that the sync PRS+CRS scenario for the bad urban case is almost as good as the “ideal measurements” case in which a genie informs the UE about the earliest arriving path from each cell. 
5. Summary

In this contribution, we presented some simulation results adopting a system evaluation methodology based on the used so far in RAN1. We see that the performance of positioning can depend on whether the cells are synchronous or asynchronous, and whether or not the Positioning Reference Signal is used. We request RAN4 to consider these results in further evaluations of the LTE positioning work. 
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