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1		Introduction 
Uplink Time Difference of Arrival or UTDOA is a positioning technique based on UL triangulation. A general description of UTDOA can be found in [1]. In this document, we provide some initial simulation results using this technique and compare them with OTDOA or DL positioning.
2		Simulation Setup
In this document, we attempt to follow the same simulation assumptions that were used in [1]. In particular, we assume that a UE is scheduled using a persistent assignment of 1RB over 100 subframes. Some simplifying assumptions were made in this set of simulations, namely:
1. It is assumed that the packet is always decoded accurately and that the clean transmitted waveform is always available to all the LMUs. No decoding errors are modeled.
2. Perfect synchronization between LMUs is assumed for the purpose of these simulations.
3. Interference is modeled according to the procedure described in [1], i.e., with the interference power having a distribution with mean 6dB and variance 3dB. Further, the interference may be present or absent with a loading factor which can be varied. More realistic modeling of interference would consist of actually modeling interference UE locations and using the fractional power control formulas in LTE Rel 8. This will be carried out in subsequent contributions.
The complete set of simulation assumptions is provided in Table 1 below.
Table 1: Simulation assumptions for UTDOA positioning technique
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m (Case 1), 1732 m (Case 3)

	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 
(Cases 1 and 3) 

	Carrier bandwidth
	10 MHz

	UE power
	Power class: 21 dBm
AWGN: varied to meet 5dB SNR target at serving cell
Fading: varied to meet SNR targets on fixed reference channels defined in TR 36.104

	eNB noise figure
	5 dB

	Lognormal shadowing standard deviation
	8 dB

	Correlation distance of shadowing
	50 m

	Channel model
	ETU, EPA, AWGN 

	Network synchronization
	Synchronous between LMUs

	Cyclic prefix
	Normal

	Number of transmit antennas
	1

	Number of receive antennas
	2

	Frequency reuse
	1

	RB allocation
	1 RB for 100ms integration

	UE height
	2 m AGL

	Coherent integration length
	1 ms

	Noncoherent segments
	100

	Interference model
	Random independent CoT ~ AWGN(6,3) 
If present, interferer affects only its own serving cell
Interference load varied from 0-100%

	Detection window
	12.5 us



3		Numerical Results
Figures 1-3 show the cdf of the positioning error for AWGN, EPA and ETU channel models in both Case 1. 

Figure 1: CDF of positioning error for AWGN channel (Case 1) under varying degrees of interference load.

Figure 2: CDF of positioning error for EPA channel (Case 1) under varying degrees of interference load.

Figure 3: CDF of positioning error for ETU channel (Case 1) under varying degrees of interference load.
Comparing these results with the OTDOA positioning error results shown in [2], we see that the positioning error in these simulations seems substantially worse than the corresponding positioning cdfs for OTDOA.
4		Conclusions
In this document, we showed some initial simulation results for UTDOA. In these simulations, we tried to match the simulation assumptions in [1]; however some sources of error such as decoding errors at the reference LMU and synchronization errors between LMUs were not modelled. 
The simulation results seen in this document seem substantially worse than those shown for OTDOA in [2].
The results in this contribution use a statistical interference model based on the one shown in [1]. Results based on more realistic modeling based on actual UE locations and transmit powers will be evaluated in future contributions.
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