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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. As a follow-up, this document presents some initial simulation results comparing RFPM to Single-Cell ECID and OTDOA. 
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

	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


2 Simulations
Link level simulations were performed to determine realistic errors in RSRP, UE Rx-Tx, and RSTD measurements for the system level simulations. AoA was skipped due to time constraints and will be considered in later submissions. Annex B presents and discusses the link level results in more detail. 

The system level simulation constructs a 19 cell scenario, where mobiles are placed on a regularly spaced grid of test points (Figure 1). For each mobile test location, CRS and PRS SINRs for each cell are calculated by taking into account the path loss and shadow fading. These SINRs are compared to the decoding thresholds (-6 dB for CRS and -13 dB for PRS) to determine the set of serving and decoded cells. The RSRP, TA, and RSTD measurements for this set of cells are then generated by first calculating the ideal values of these measurements and then adding a link level measurement error (which is found by sampling the link level measurement error CDF for the corresponding SINR and channel model). The ideal RSRP measurement calculation is based on path loss and shadow fading while the TA and RSTD values are calculated using the true cell-mobile test point distances. Four location determination approaches were considered in [1] and are discussed briefly below:-
2.1    Single Cell E-CID (Cell ID-TA)

The measurements used are: CID, and TA. The UE location is estimated to be in the serving cell’s azimuth direction at a distance determined by the TA measurement.

2.2     Multi-Cell E-CID
In the previous RAN4 meeting, A-ECID was suggested as one possible approach to Multi-Cell ECID but simulation details pertaining to this method still need to be aligned. Therefore this positioning method was not considered in this submission.
2.3     OTDOA
Each RSTD estimate describes a hyperbola which is the locus of the mobile’s location. Intersection of two or more such hyperbolas will give the mobile’s location. The Taylor series method was used to iteratively solve the non-linear RSTD equations starting with the Cell ID-TA location as the initial estimate.  

2.4     RFPM
Two versions of RFPM are presented. The first version uses only TA and RSRP, while the second version (RFPM+) uses the RSTD measurements as well. The RFPM method uses a model for RSRP, TA, and RSTD measurements that is defined on a regularly spaced grid of points (grid size 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 Gaussian modelling error (σMDL = 3 dB). The TA and RSTD models are constructed using the true cell-mobile distances. 
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Figure 1: Network Topology, RF modelling area (bigger hexagon), Mobile test locations (smaller hexagon). 

[image: image2.emf]0 50 100 150 200 250 300 350 400 450 500

0

10

20

30

40

50

60

70

80

90

100

Error (m)

Percentile

Location Error CDFs

 

 

  CellID-TA   (67% = 110m, 95% = 246m, 99% = 352m

  OTDOA     (67% = 0m, 95% = 0m, 99% = 72m

  RFPM     (67% = 82m, 95% = 262m, 99% = 469m

  RFPM+     (67% = 0m, 95% = 0m, 99% = 0m
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CRS average number of neighbors: 0.32739

PRS average number of neighbors: 11.8996


Figure 2. Comparison results in AWGN. Loading Factor = 1. 
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  CellID-TA   (67% = 148m, 95% = 289m, 99% = 407m

  OTDOA     (67% = 17m, 95% = 36m, 99% = 187m

  RFPM     (67% = 156m, 95% = 354m, 99% = 574m

  RFPM+     (67% = 22m, 95% = 40m, 99% = 58m
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Figure 3. Comparison results in ETU70. Traffic Loading Factor = 1.
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  CellID-TA   (67% = 110m, 95% = 245m, 99% = 316m

  OTDOA     (67% = 16m, 95% = 35m, 99% = 56m

  RFPM     (67% = 22m, 95% = 141m, 99% = 323m

  RFPM+     (67% = 10m, 95% = 36m, 99% = 54m
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CRS average number of neighbors: 6.6492

PRS average number of neighbors: 12.0281


Figure 4. Comparison results in ETU70. Traffic Loading Factor = 0.
3 Observations and Proposals
Based on the simulation results, following observations and proposals are in order:-
Observation 1: RFPM is competitive with OTDOA if RSTD measurements are used in matching.

Observation 2: Without RSTD measurements, RFPM performance depends on CRS hearability. With full traffic and no CRS gain, RFPM doesn’t have enough measurements to give reliable results and its tails suffer.
Proposal 1: Incorporate effect of base-station synchronization error on OTDOA measurements and study resulting performance.
Proposal 2: Study RFPM’s performance in Low Interference sub-frames.

Proposal 3: Incorporate time series of measurements in simulations to deal with insufficient number of measurements in the low hearability case.
4 Conclusion
This contribution presented initial 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. 

Simulations methodologies and assumptions for Multi-cell ECID should be discussed next along with possible robustness enhancements to the maximum likelihood RFPM algorithm. 
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5 Annex A: Link Level Simulation Results
Figures 6-9 presents the link level simulation results. All the measurements were derived assuming coherent combining across time and frequency resources. The CRS measurements were made over an L1 period of 200 ms with 5 samples per measurement, where each sample was integrated over 5 ms. The PRS measurement was integrated over 6 contiguous sub-frames. 

For 10 MHz bandwidth, the measurement errors are not very sensitive to the SNR values (SNR range is -6:6 dB for CRS based measurements and -13:6 dB for PRS based measurements). Figures 6, 7 show the error corresponding to RSRP for AWGN and ETU70 channels. Figure 8 shows the UE Rx-Tx error in ETU70. Figure 9 shows one part of the RSTD error (i.e. timing from one cell site). Since RSTD is computed by taking the difference of two cell timings, RSTD error CDF will therefore be the convolution of Figure 8 CDF with itself. 
Note that the UE Rx-Tx and RSTD errors were always zero in AWGN in our simulations. This could be due to fact that our simulation sampling period was very coarse (2Ts corresponding to 1024 point FFT). Oversampling would have given more precise UE Rx-Tx and RSTD error estimates. Previous RAN4 studies indicate that these errors are quite small in AWGN (sub Ts order) and have been neglected in our simulations. 
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Figure 6. RSRP error in AWGN
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Figure 7. RSRP error in ETU70
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Figure 8. UE Rx-Tx error in ETU70
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Figure 9. RSTD one sided timing error in ETU70
6 Annex B: RFPM Location Estimation Algorithm
Assume that we have a predicted database of RSRP, RSTD, and TA measurements for a 2 dimensional set of locations (pixels). Given a measurement vector, we will compute the following expression for each pixel:
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The denominators in the above expression denote measurement error variances and can be computed from the measurement error samples observed during link level simulations. The RFPM location estimate is then the location of the pixel that minimizes the above expression. 
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