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1 Introduction

In recent RAN1 meetings, the UTDOA algorithm proposed by TruePosition [1]-[3] was under study. Mr. Chairman encouraged relevant companies to continue discussions. This contribution presents simulation results for the algorithm using the simulation assumptions concluded in offline discussion. 

2 System Level Simulation Results and Discussion
In the simulations, first-tier eNBs (1 serving LMU and 6 cooperating LMUs) are utilized for the timing detection using the method proposed in [1]-[3]. The signal transmitted by the target UE is assumed to be power controlled up to a maximum power of 21dBm. The average received signal to thermal noise ratio is 10dB. In both serving and cooperating cells, the interference is modeled as an independent and identically distributed Gaussian random process whose mean and variance are determined by the interference to thermal noise ratio (IoT). In Figures 10 and 11 of [4], the system level pdfs of IoT as a function of interfering cell loading level are given. Based on them, the mean and standard deviation of IoT (in dB) for 10% and 50% loading level are adopted in simulations and listed in Table 1. Both EPA and ETU channels are considered. Throughout the simulations, UE speed is 3km/hr and the penetration loss is 20dB. The algorithm used to calculate UE location is given in [5]. Detailed simulation assumptions are provided in Annex.

Table 1: Mean and standard deviation of IoT in dB
	
	Inter-site dist. = 500 m
	Inter-site dist. = 1732 m

	Load = 10%
	mean = 1.9, std. = 0.55
	mean = 1.9, std. = 0.55

	Load = 50%
	mean = 8.8, std. = 0.25
	mean = 8.8, std. = 0.27


Figures 1-4 show the empirical cumulative distribution functions (CDF) of the positioning error with (inter-site distance, channel model) = (500 meters, EPA), (500 meters, ETU), (1732 meters, EPA), and (1732 meters, ETU), respectively. The no coverage rates are summarized in Table 2 for each of the simulated scenarios, where no coverage rate is defined as the percentage that less than 2 cooperating LMUs declare “the reference signal is detected”. 

Table 2: No coverage rates as a function of interfering cells loading levels
	
	500m, EPA
	500m, ETU
	1732m, EPA
	1732m, ETU

	Load = 10%
	6.3%
	6.8%
	9.8%
	10.4%

	Load = 50%
	14.3%
	14%
	20.2%
	19.5%
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Figure 1: Empirical CDF of positioning errors for inter-site distance 500 m and EPA channel. 
[image: image2.png]CDF

Accuracy for d=500m, ETU 3km/hr
T

load = 10% ||
load = 50%
T

150 200 250 300
Accuracy (m)

350

T
400 450 500




Figure 2: Empirical CDF of positioning errors for inter-site distance 500 m and ETU channel. 
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Figure 3: Empirical CDF of positioning errors for inter-site distance 1732 m and EPA channel.
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Figure 4: Empirical CDF of positioning errors for inter-site distance 1732 m and ETU channel.

From these results, it is seen that the accuracy and reliability requirements [6] of “100 meters for 67 percent of calls, 300 meters for 95 percent of calls” cannot be met in all of the simulated scenarios. For the case of loading level 10%, the 100 meters requirement can be met in all the simulated environments. By some advanced techniques in calculating UE location using time of arrival estimates at LMUs (called location determination), it may be possible to raise the probability of 300 meters requirement to above 95%. 
Besides location determination, the main shortcoming of the UTDOA [1]-[3] is that the capability of OFDM in collecting the powers dispersed in multipaths is not used. In the algorithm, a reference signal is cross-correlated with the received signal to perform a peak search. The index that produces the peak is declared as the arrival time of the positioning signal. For each cross-correlation computation, only the power of a single path is collected. The larger the number of channel paths, the less power is contained in each of them. Thus, the positioning accuracy degrades as the path number increases. In [7], a time of arrival estimation algorithm which fully exploits OFDM’s capability in coping with multipath fading channel is proposed.     

3 Conclusion
This contribution presented performance of the UTDOA algorithm [1]-[3] based on the simulation assumptions given in Annex. It is seen, for all simulated scenarios, the accuracy requirements of enhanced 911 cannot be met. Two directions to improving the accuracy performance are pointed, i.e. exploiting OFDM’s robustness in multipath fading channels and some advances in location determination.  
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Annex: Simulation Assumptions

Table 3: Simulation assumptions for UTDOA multilateration techniques
	Parameter
	Assumption

	Cell layout
	1 serving LMU + 6 cooperating LMUs; 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
	20 dB and 3 km/hr
(Penetration Loss is Isotropic)

	Carrier bandwidth
	10 MHz

	UE power
	Varied to meet SINR targets specified below

Power Class:  21 dBm

	eNB noise figure
	5 dB

	Lognormal shadowing standard deviation
	8 dB

	Correlation distance of shadowing
	50 m

	Channel model
	EPA, ETU 

	Cyclic prefix
	Normal

	Frequency reuse
	1 

	Resource block allocation
	1 resource block for 100 msec of integration time (e.g. 1 sec @ 10% duty cycle)

	Coherent integration length
	1ms

	Non coherent segments
	100

	RMS clock synchronization error between LMUs
	50 nsec

	Interference model
	IoT is a Gaussian random variable with mean and std. dev. indicated in Table 1

	Detection window
	12.5 microseconds

	False alarm rate (noise only)
	0.5 %

	Network synchronization
	Between LMUs

	Filtering
	Frequency domain filtering is applied both at Reference LMU and Cooperating LMUs


