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1 Introduction

Simulation methodologies and parameters for RFPM were decided upon and documented in [1] during the RAN #61 meeting in San Francisco, and some initial simulation results were presented in the RAN #62 meeting in Dresden [2]. It was suggested by some companies [3] to evaluate RFPM at smaller bandwidths since OTDOA’s performance degrades at smaller bandwidths. This document presents results for the 1.4 MHz bandwidth scenario as well as results for the asynchronous LTE scenario. 
For convenience, system level simulation parameters from [1] are reproduced below,
Table1. System Simulation Parameters
	Parameter
	Value

	Cell layout
	Hexagonal Grid, wrap around

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

	Inter-Site distance
	500 m, 1732 m

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

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

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

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and Case 3)

Outdoor: 10 dB, 30 km/h for 500m (Case 2) 

	Minimum distance between UE and BS
	35 m

	Carrier bandwidth
	10 MHz, 1.4 MHz

	eNode B power
	46 dBm for 10 MHz

	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

Optional: Urban A, Urban B and Bad Urban profiles of T1P1

	Network synchronization
	Synchronous (baseline), Asynchronous

	Cyclic prefix
	Normal

	Number of eNodeB transmit antennas
	2

	Number of CRS antenna ports
	1

	 Number of PRS antenna ports
	1

	PRS and positioning subframe configuration
	As defined in TS 36.211. Used for RSTD measurements. No data transmitted during these positioning subframes.

	Number of UE transmit antennas
	1

	Number of UE receive antennas
	2

	Number of eNodeB receive antennas
	2

	Traffic load in non-positioning subframes
	Full load

	RFPM Modelling Error standard deviation
	6 dB

	RFPM Modelling Error Correlation distance
	50 m

	OTDOA Synchronization Error standard dev
	500 ns


2 Simulation Assumptions and Results
The simulation setup is same as that described in [2]. Three different versions of RFPM are considered. The first version uses only TA and RSRP, while the second version (RFPM+) uses the RSTD measurements as well. The third version dubbed RFPM++ uses RSRP measurements that are made in the PRS sub-frames. For the simulations, it is assumed that RSRP measurements corresponding to all PRS-decodable cells are available. In practice this can be implemented either by allowing RSRP be to measured on CRS in the PRS sub-frames or by defining a new ‘PRSRP’ energy measurement corresponding to the PRS signals. The RFPM methods use models for RSRP, TA, and RSTD measurements defined over a regularly spaced grid of points (grid size used is 10x10) inside a “modelling area” (Figure 1). 
The RSRP model is constructed by calculating the cell signal strength at each modelling point based on path-loss and shadow fading, and then corrupted using a modelling error. Since the RSRP modelling procedure tries to capture the effects of shadow fading process, the associated modelling error can be described by a similar 2-dimensional correlated Gaussian random process, where the correlation shows distance dependency similar to shadowing. The modelling error parameters for simulation results presented here are: (σMDL = 6 dB, correlation distance = 50 m). The TA and RSTD models are constructed using the true cell-mobile distances. 
PRS Simulations for the 1.4 MHz case assumes coherent energy accumulation over 6 consecutive sub-frames while for the 10 MHz case only a single PRS sub-frame is used. 
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Figure 1: Network Topology, RF modelling area (bigger hexagon), Mobile test locations (smaller hexagon). 

2.1 Synchronous versus Asynchronous Networks

In a synchronized network, the start points of the PRS sub-frames can be perfectly aligned (Figure 2). However, in an unsynchronized network, the starting points of sub-frames are in general not aligned, and therefore the PRS frames will overlap with traffic bearing sub-frames to a certain degree (up to one half of a sub-frame) [4].
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Figure 2: Synchronous (left) versus Asynchronous (right) LTE

OTDOA relies on relative time difference measurements between different cells. The accuracy of these measurements and hence the performance of OTDOA depends crucially on the level of synchronization or timing offset across the cells [5-7]. The network can estimate this timing offset using GANSS/GPS, an external device like an LMU, or through a backhauling mechanism like Precision Time Protocol. Achievable synchronization error variances for each of these scenarios are given below [5]:-

· GANSS/GPS: 100 ns

· LMUs: 500 ns

· Backhaul: 1 - 10 μs 
2.2 Synchronous Network Results
Figures 3-4 show results for Synchronous LTE network scenario.  It can be seen that OTDOA performs very well for the 10 MHz bandwidth case while RFPM+ gives equivalent performance. In the 1.4 MHz case however, OTDOA’s performance degrades and RFPM+ provides a measurable performance gain (33% improvement at 67th percentile).  
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  CellID-TA   (67% = 147m, 95% = 336m, 99% = NaNm 

  OTDOA     (67% = 18m, 95% = 38m, 99% = 71m 

  RFPM     (67% = 127m, 95% = 283m, 99% = NaNm 

  RFPM+     (67% = 20m, 95% = 40m, 99% = 58m 

  RFPM++     (67% = 14m, 95% = 36m, 99% = 61m 


Figure 3. ETU70, 500 m Urban, 10 MHz, 1 PRS subframe. Traffic Loading Factor = 1.
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  CellID-TA   (67% = 182m, 95% = 359m, 99% = NaNm 

  OTDOA     (67% = 61m, 95% = 126m, 99% = 158m 

  RFPM     (67% = 162m, 95% = 312m, 99% = NaNm 

  RFPM+     (67% = 41m, 95% = 103m, 99% = 139m 

  RFPM++     (67% = 20m, 95% = 72m, 99% = 126m 


Figure 4. ETU70, 500 m Urban, 1.4 MHz, 6 PRS subframes. Traffic Loading Factor = 1.
2.3 Asynchronous Network Results
Figure 5-6 show results for the asynchronous scenario with the assumption that LMUs are available for network synchronization (an additional Gaussian synch error term with std. = 500 ns is added to the existing link level RSTD measurement errors). OTDOA’s performance degrades significantly in this scenario and RFPM+ does significantly better than OTDOA. The simulations also show that RFPM++ comes close to satisfying high location accuracy requirements (for example, as those specified by the FCC in USA for E911). 
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  CellID-TA   (67% = 138m, 95% = 284m, 99% = NaNm 

  OTDOA     (67% = 101m, 95% = NaNm, 99% = NaNm 

  RFPM     (67% = 121m, 95% = 271m, 99% = NaNm 

  RFPM+     (67% = 60m, 95% = 161m, 99% = 256m 

  RFPM++     (67% = 50m, 95% = 139m, 99% = 239m 


Figure 5. ETU70, 500 m Urban, 10 MHz, 1 PRS subframe. Traffic Loading Factor = 1.
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  CellID-TA   (67% = 175m, 95% = 309m, 99% = NaNm 

  OTDOA     (67% = 131m, 95% = NaNm, 99% = NaNm 

  RFPM     (67% = 156m, 95% = 299m, 99% = NaNm 

  RFPM+     (67% = 67m, 95% = 198m, 99% = 294m 

  RFPM++     (67% = 51m, 95% = 180m, 99% = 301m 


Figure 6. ETU70, 500 m Urban, 1.4 MHz, 6 PRS subframes. Traffic Loading Factor = 1.
3 Observations and Proposals
Based on the simulation results, following observations and proposals are in order:-
Observation 1: For synchronous networks, RFPM is competitive with OTDOA if RSTD measurements are used in matching in the 10 MHz case, and does better than OTDOA in the 1.4 MHz case. If signal strength measurements made in PRS sub-frames are allowed, then RFPM does significantly better than OTDOA in the 1.4 MHz case.
Observation 2: For asynchronous networks, performance of OTDOA might not be acceptable to satisfy high location accuracy requirements (for example, as those specified by the FCC in USA for E911). An RFPM algorithm that uses both RSTD and signal strength measurements made in the PRS sub-frames can come close to satisfying the high accuracy requirements. 
Proposal 1: Our simulations show that for asynchronous networks, RFPM can come close to satisfying high location accuracy requirements when supplemented with additional signal strength measurements defined during the PRS sub-frames. Since Inter-RAT measurements will also be available in LTE, and can easily be incorporated in the RFPM algorithm, we propose to evaluate their usefulness in our next set of simulations. 
4 Conclusion
This contribution presented further simulation results for comparing RFPM with OTDOA and Single cell ECID. It was observed that the performance of RFPM is dependent on the number and type of available measurements and can provide significant value over OTDOA in the synchronous small bandwidth and the asynchronous network scenario. 
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