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1. Introduction

The frameworks of OTDOA system design in RAN1 are completed with draft CRs [1] [2] agreed in RAN1-57.  One of the remaining issues is if the eNode Bs need to be synchronized to meet the desired level of OTDOA performance [3].  This issue is of particular interest to the operators since synchronizing the eNodeBs just for supporting OTDOA may incurs additional cost and complexity.  The paper addresses the OTDOA performance when the eNode B’s are not synchronized.     
2. Sensitivity analysis of OTDOA Performance in Asynchronous networks
The sensitivity of the UE measurements and detection with respect to the position estimation performance by OTDOA has been analyzed [4].  The sensitivity analysis in [4] isolates the individual factors of eNode B synchronization error, multi-path channel effects, quantization error, UE oscillator error and UE measurement error (for  neighbour cell subframe timing offset estimation), in terms of the performance of the OTDOA position estimation.  The simulation results shown in [4] assume cells are synchronized through GPS with standard deviation 100 ns. From [4], imperfect synchronization does not show a strong impact on the performance of OTDOA position estimation.  
The modeling of OTDOA performance in an asynchronous network is the same as that of synchronous networks as shown in [4].  The multi-path channel effects, quantization error, UE oscillator error and UE subframe offset estimation errors are modeled in exactly the same way as those in [4].   The only difference is the modeling of the synchronization error.  The UE subframe offset measurement in [2] defines the timing offset of the neighboring cell relative to the serving cell.  For synchronous networks, the UE subframe offset measurement from each neighboring cell can be used directly as the timing offset for OTDOA triangulation computation.  In asynchronous networks, the UE needs to subtract the timing offset between the neighboring and serving eNode Bs before it can use the subframe offset measurement for positioning estimation using OTDOA triangulation.   Thus, in asynchronous networks, the network needs to provide the eNodeB timing offsets for the OTDOA computation.   
The network could perform the eNodeB timing offset estimation by GANSS/GPS, node synchronization through backhauling, UE measurement, or a special external device, such as LMU. All the procedures to perform the eNodeB timing offset measurement involve multiple hardware and software components.  Regardless of the method used, the error of the eNodeB timing offset measurement in an asynchronous network can reasonably be modeled as a Gaussian random variable (following the central limit theorem). 
3. Simulation Results of OTDOA Performance in Asynchronous Networks
The OTDOA simulations reported here for an asynchronous network are similar to those described in [4].  The simulation parameters are shown in the Annex.  A 32 ns sampling interval at the UE is used as the quantization error for the OTDOA measurements.  The ETU channel model is used to model the effect of multi-path propagation on the OTDOA measurement; the scenario is case 3 with an inter eNode B separation of 1732m.  The center of gravity is used as the reference timing for both the serving cell and the neighboring cells to characterize the timing errors caused by multi-path fading.  A pilot phase based algorithm is used at the UE to estimate the subframe offset of the PRS transmission from neighboring cells. Only one RB is allocated for the PRS transmission from the neighboring cell.  The serving cell is silent at the RB scheduled for OTDOA measurements, so as to minimize the interference.  Other cells not configured for OTDOA measurements are considered as the source of interference.  The UE PRS measurements are accumulated over 20 subframes to improve the received SNR for the timing offset estimation.  The simulation results are based on the hearability of the 4 strongest neighboring cells.   
The simulation results in Figure 1 show the position estimation error of OTDOA in the asynchronous network with the standard deviations of the timing offset between serving and neighboring cell being 100 ns, 500 ns, 1 μs, and 10 μs.  The measurement error of the eNodeB timing offset depends on the methodology.  The 100 ns standard deviation represents a typical timing offset measurement through a GANSS/GPS device.  The 500 ns standard deviation corresponds to the measurement error through an external reference device, such as LMU.  The 1 and 10 μs standard deviations represent the measurement errors from backhaul measurements between eNodeBs. We can see from Figure 1 that the position estimation degrades fast as the timing offset error increase from 10 ns to 10 μs.  From the results in Figure 1, the OTDOA performance is very sensitive to the eNode B timing offset measurement error in the asynchronous network.  

[image: image1]
Figure 1: OTDOA performance with hearability of 4 neighboring cells for ETU case 3 channel model
4. Conclusion

In this contribution, we show the OTDOA performance in asynchronous network.  The simulation results show that the OTDOA performance is very sensitive to the measurement errors of the eNodeB timing offset in asynchronous networks. In order to utilise OTDOA in an asynchronous network, a suitable means of time offset estimation needs to be used to give accuracy commensurate with the needs of the application. 
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ANNEX

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	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 

	Network synchronization
	Synchronous through GPS

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of receive antennas
	2
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