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1
Introduction
In [1] and [2], we proposed E-IPDL technique to improve positioning performance of LTE.  In this contribution, we present updated simulation results with new evaluation parameters described in [3].
2 E-IPDL

Let us recall that the E-IPDL technique consists of the following hearability enhancements: 

1. Blanking data transmission on some subframes, referred to as E-IPDL subframes, to enable UEs to detect signals from weak cells in this duration. The required overhead for this method is extremely low (~ 1%)
2. Additional RS, which we refer to as an E-IPDL RS (ERS), are transmitted on the blank subframes to improve accuracy and/or reduce time to fix in synchronous networks with no additional overhead. The E-IPDL RS from different cells have different frequency shifts. Fractional transmission probability, together with the frequency shifts across cells, creates a reuse pattern on the E-IPDL RS which allows a UE to detect very weak sectors in a synchronous network. This leads to improvement in positioning performance in synchronous networks without sacrificing performance in asynchronous networks. 
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Figure 1 – Resource Block pair in an E-IPDL subframe
The E-IPDL RS design that was used in the simulations is shown in Figure 1 above. The E-IPDL RS sequence was chosen to be a pseudo-random QPSK sequence. A sequence design that enables low complexity detector is described in [4].
3 Simulation Results
The simulation parameters used are according to [3] and are shown in Table 1 below. Other parameters, specific to our E-IPDL RS proposal, are shown in Table 2 below.
Table 1 – Simulation Parameters

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	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

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and 3) Outdoor: 10 dB, 30 km/h for 500m (Case 2) 



	Carrier bandwidth
	10 MHz

	eNB 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 , EPA 
Optional: Urban A, Urban B and Bad Urban profiles of T1P1.5[2]

	Network synchronization
	Asynchronous, Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of receive antennas
	2


Table 2 – Additional Simulation Parameters

	Parameter
	Assumption

	E-IPDL RS transmission probability
	0.3

	Reuse
	Frequency shifts of cell specific RS (CRS) and ERS are planned

	Number of transmit antennas for ERS transmission
	1

	Number of ERS frequency shifts
	6


Figures 2-4 show the simulation results for the ETU channel model in the three different network scenarios. The figures show the cdf’s of positioning error with a) Plain OTDOA, b) E-IPDL in Async and c) E-IPDL in Sync. In the plots, a large position error was assumed for an unsuccessful position fix.
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Figure 2 – ETU Case 1
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Figure 3 – ETU Case 2
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Figure 4 – ETU Case 3
Table 3 below summarizes the results. It can be noted that E-IPDL in synchronous networks achieves 99% and above success rate. Further the 95% position accuracy is less than 25m. 
Table 3 – Summary of Results

	
	Case 1
	Case 2
	Case 3

	
	Success rate (%)
	95% accuracy (m)
	Success rate (%)
	95% accuracy (m)
	Success rate (%)
	95% accuracy (m)

	Plain OTDOA
	66.5
	-
	65.1
	-
	62.5
	-

	E-IPDL Async 
	88.5
	-
	88.6
	-
	86.4
	-

	E-IPDL Sync
	99
	24
	100
	20
	95.8
99 (With boosting)
	60
25 (With boosting)


The E-911 requirements [5] of FCC (extracted in Table 4 below) imply that we must ensure best performance of every possible positioning method. It must also be noted that the requireements are now more stringent, given that the statistics are taken on a per PSAP (Public Safety Answering Point) basis.
Table 4 – E-911 Requirements


[image: image5.emf]Solutions 67% of Calls 95% of Calls

Handset-Based 50 meters 150 meters

Network-Based 100 meters 300 meters



The significant improvement in performance with E-IPDL technique will be quite helpful towards meeting the E-911 requirements, especially in indoor enviroments where the usual positioning methods like A-GPS and A-GNSS perform poorly. 
4 Conclusion
 In this contribution, we presented updated simulation results with new evaluation parameters to characterize postioning performance with and without E-IPDL. The E-IPDL technique provides significant gains in terms of successful position fixes as well as positioning accuracy. These gains will be helpful in meeting the revised and more stringent E-911 requirements.  
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