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1. Introduction

The RAN1 system design framework for OTDOA [1] was agreed in RAN1-57.  In [1], RAN1 has agreed in the principle of RS for UE time measurement, the position subframe allocation, PRS characteristics, PRS pattern principle, and the definition of the UE measurements in subframe time offset.  The framework of OTDOA has been defined to allow other RAN working groups to work on their solution.  The remaining issue in OTDOA study is the design of PRS sequence and pattern for the UE subframe time offset measurement to improve the hearability in the OTDOA position estimation. The modeling of UE subframe measurements and the OTDOA performance results with improved hearability based on the interleaved LCS-RS proposal in [5] were shown in [3] and.[4]   In [2], the importance of OTDOA modeling of position estimation accuracy was discussed.  Thus, the important issue of the OTDOA study is to identify the system design issues to achieve the required accuracy of the position estimation.  In this contribution, we provide sensitivity analysis of UE neighboring cell subframe time offset measurements to the OTDOA performance.  
2. Sensitivity analysis of UE measurement to the OTDOA Performance
The OTDOA system modeling in [3] and [4] includes the factors of eNode B synchronization error, multi-path channel effects, quantization error, UE oscillator error and UE measurement error on neighboring cell subframe timing offset estimation.   The simulation results in [3] and [4] capture the compound effects of all these errors to the position estimation errors in OTDOA.  The compound factors of eNB and UE system implementation constraints along with multi-path radio channel effects directly reflects the OTDOA performance but limit the view on the effect of individual factor.  The sensitivity analysis of UE measurement to the OTDOA performance is to see the OTDOA performance improvement by isolating one factor in ideal condition at a time.  This will help us to identify degree of impact of each factor to the OTDOA system performance.  
The LTE system errors and radio channels for the OTDOA are modeled as i.i.d. random variables.  The UE measured neighboring cell subframe offset timing error for the DL OTDOA performance are caused by some of the random variables, which include the eNode B synchronization error, the eNode B antenna position error, distance loss, shadowing, fading, multi-path, and UE measurement error.

· The eNode B synchronization error – The eNode B synchronization is modeled as zero mean, variance σ2 Gaussian random variable.  The eNode B synchronization could be done through GPS/GNSS, LMU, or node synchronization.  The eNode B synchronization errors are caused by the drifting of the transmitting signals through concatenated processing chain from baseband processor to the antenna tip at the eNodeB. The modeling of eNodeB synchronization error in [3] and.[4] is based on the GPS synchronization with the standard deviation σ being 100 ns.
· Multipath fading channel – The effect of multipath fading channel is to skew the peak of the received signals and thus introduce error in the propagation delay estimation.  The non-LOS effect by multipath fading channel has been critical in the OTDOA performance.  The effect of multipath channel is modeled by using the “center of gravity” of multipath as the reference time for the timing offset measurement.  The “center of gravity” emulates the shift of the peak of the superposition signals in place of the 1st path of arrival in LOS case.  
· UE quantization error - The LTE UE is required to support 20 MHz BW.  The resolution of the UE measurement is limited by the minimal sampling interval Ts, which are 32 ns.  The quantization error is considered as the minimal resolution of the UE measurement on neighboring cell subframe time offset.  
· UE frequency stability - The UE oscillator accuracy requirement is ±0.1 ppm [3]. The UE clock error is modeled as a Gaussian random variable with zero mean and 50 ns standard deviation σ.  Since the UE frequency stability is a long term effect, the error is not modeled and isolated. The UE frequency stability is included in the timing offset estimation error in the OTDOA performance evaluation since the UE timing offset estimation uses the local clock as the reference time.  
· Timing offset estimation errors – The UE measurement of neighboring cell subframe time offset is to measurement the time offset of the received signals from the neighboring cells relative to the serving cell reference time.  A practical timing-offset-estimation algorithm is considered to account for multipath effect and the hearability of neighboring cell’s RS. In our OTDOA performance evaluation, the pilot phase based algorithm is used to measure the subframe offset of received signals from the neighboring cells. The pilot phase based algorithm derives the timing offset from the phase of the correlated signals from two reference signals, where the RS signals have been compensated by the frequency offset.  The timing offset estimation error is a function of received SNR from the neighboring cell RS.  The received SNR could be increased through energy accumulation by accumulating from multiple symbols and multiple subframes.  
As a summary, the OTDOA UE relative timing offset estimation has been accounted on top of the estimation errors caused by imperfect eNode B synchronization, non-:LOS effect by multipath fading channel, minimal quantization for OTDOA measurement, UE frequency stability, and the timing offset estimation errors.  .
3. Sensitivity Analysis from the Simulation results
The simulation for the sensitivity analysis of the UE measurement to the OTDOA performance is designed by setting one variable as ideal to see its impact to the OTDOA performance.  The simulation setup is the same as those in [3] and [4] with improving hearability based on the PRS design in [5]. The simulation assumes single antenna transmission from neighboring cells.  The cells are synchronized through GPS with standard deviation 100 ns. The 32 ns sampling interval at the UE is considered as the quantization error for the OTDOA measurements.  The ETU channel mode is used to depict the multi-path effect of the OTDOA measurement case 3 as the radio channel model for the inter eNode B separations (1732m).  The center of the gravity is used as the reference timing for the serving cell as well as the neighboring cell to characterize the timing error caused by multi-path fading channel effect.  The pilot phase based algorithm is used at the UE to estimate the relative timing 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 to minimize the interference.  Other cells not configured for OTDOA measurements are considered as the source of interference.  The UE measurements of neighboring cells’ PRS are accumulated 20 subframes to improve the received SNR for the timing offset estimation by pilot phase based algorithm.  The simulation results are based on the hearability of 4 strongest neighboring cells.   
The simulation results are shown in Figure 1.  The solid blue line in Figure 1 is the OTDOA performance with the compound errors from imperfect eNodeB synchronization, UE quantization errors, Non-LOS multipath fading channel effect, and UE timing offset estimation.   We can see that the effect of eNodeB synchronization error to the OTDOA performance is small from the red line in Figure 1.  The yellow line in Figure 1 shows that the OTDOA performance could be improved significantly if the 1st path of arrival of multipath fading channel could be detected.  We could also see the UE timing offset estimation error is critical to the OTDOA performance by the light green line in Figure 1, which the timing offset estimation is assumed ideal.  The dash blue line in Figure 1 shows that the OTDOA performance with ideal in timing offset estimation and deriving the 1st path of arrival of multipath fading channel.  

[image: image1]
Figure 1: OTDOA performance with hearability of 4 neighboring cells for ETU case 3 channel model
From Figure 1, we could see that two critical factors in the OTDOA performance are the UE timing offset estimation and the multipath fading channel errors.  The UE timing offset estimation error depends on the received SNR, which could be improved by increasing the hearability and energy accumulation through multiple subframes.  The multipath fading channel errors are caused by the shift of the peak due to non-LOS signals superposition.  The multipath fading channel errors could be minimized if the 1st path of the arrival could be retrieved from the channel impulse response.  The channel impulse response could be derived from the PRS sequence design.  The CAZAC sequence has the nice property to derive the channel impulse response in OFDMA system.  

4. Conclusion

In this contribution, the sensitivity analysis of the error factors in the UE measurements to the OTDOA performance is depicted.  The simulation results show that the sensitive factors to the OTDOA performance are the UE timing offset estimation errors and the multipath fading channel effect.    The UE timing offset estimation errors could be minimized through increasing the hearability with PRS design.  However, it also depends on the UE algorithm design in timing offset estimation of the PRS arrival from the neighboring cells.  The multipath fading channel effect could be reduced if the 1st path of arrival could be derived of the neighboring PRS.  The CAZAC sequence in OFDMA system could be used as PRS sequence to derive the 1st path of arrival.  Our sensitivity analysis of OTDOA performance shows that
· The CAZAC sequence should be used as the PRS for the UE measurement for OTDOA

· A simple UE timing offset estimation algorithm should be assumed to define the accuracy requirement of the UE measurement in neighboring cell subframe time offset.  
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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
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































No Timing Offset Error from SNR


No Multipath


Only eNB Sync Error and Quantization Error





Earliest Arriving Signal (no Multipath) 


but still have Timing Offset Error from SNR





All Errors included : Timing Offset, 


eNB Sync, Multi-path & Quantization errors





No eNB sync errors or Quantization  





No Timing Offset Error from SNR





No Timing Offset Error from SNR


No eNB Sync Error or Quantization 
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