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1 Introduction
The DL OTDOA results have been shown in [1] and [4] in RAN1-56.  The simulation results of DL OTDOA performance in [1], [3], and [4] are based on several proposals, such as LCS-RS in [2] or eIPDL in  [3] to improve the UE “hearability” for DL OTDOA measurements.  Additional proposal of improving hearability was discussed in [5] in RAN1-56.  The need of improving hearability has been agreed as the primary objective in the DL OTDOA study.  The other discussion was the DL OTDOA evaluation methodology.  The simulation results in [1], [3], [4] have depicted the simulation assumptions.  [7], [8], and [9] have further addressed the views on the simulation parameters for the DL OTDOA evaluation.  The simulation parameters have been discussed offline through email reflector and reached the agreement in [10].  The agreed OTDOA evaluation methodology would provide common reference and assumptions for OTDOA performance evaluation.  
In this contribution, we provide further results in the DL OTDOA performance with modeling of the timing offset estimation algorithm for the DL OTDOA measurement from the neighboring cells in addition to the modeling of imperfect system synchronization, multipath effect, and quantization errors.  The value of the timing offset estimation is correlated with the received signal quality.  Thus, the accuracy of the location estimation based on the time offset estimation algorithm will be subject to the received SNR, which is the hearability of neighboring cells’ signals.  The simulation results of the timing offset estimation from neighboring cells are based on the dedicated LCS-RS in [2] .  
2 Timing Offset Estimation Algorithm for DL OTDOA Measurements
In this contribution, we capture the OTDOA measurement error based on the relative timing offset estimation in addition to all timing errors caused by imperfect LTE operation and radio channel environment.  In [1], eNode B synchronization error, multi-path effects, quantization error, and UE oscillator error have been incorporated in OTDOA measurement for the computation of UE position.  These timing errors are caused by the LTE system operation at the E-UTRAN and the effect of radio channel environment.  However, the OTDOA measurement error at the UE due to the effect of the neighboring cell hearability has not been captured in [1].  The DL OTDOA measurement at the UE is the estimation of the relative timing offset of received signals from neighboring cells relative to the reference time of the serving cell.  The relative timing offset estimation depends on the received signal quality from the neighboring cells, which is the hearability of the neighboring cells.  The performance of the relative timing offset estimation also depends on the use of timing offset algorithm.  
We use the pilot phase based algorithm for the relative timing offset estimation for DL OTDOA measurement.  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 simple pilot phase based algorithm provides the estimation of relative timing offset.  The performance of the relative timing offset for the OTDOA measurement depends on the received SNR of the neighboring cell.  The LCS-RS design in [2] has the RS for each neighboring cell for OTDOA measurement up to 6 cells at a time. The LCS-RS design also repeats 11 symbols within a subframe for energy accumulation, which is equivalent to the spreading gain.  The resource coordination for the LCS-RS design in [2] also incorporates muting the transmission in the serving cell to reduce the primary noise source. Since the variation of the relative timing offset, additional energy accumulation could be done through multiple subframes.  This will provide additional spreading gain to improve the accuracy of timing offset estimation.  
As a summary, the error of UE relative timing offset estimation has been accounted on top of the estimation errors caused by imperfect eNode B synchronization, multi-path delay, and minimal quantization for OTDOA measurement. The UE relative timing offset estimation is modeled as i.i.d random variable, which   is obtained from link error performance of pilot phase based algorithm.  .  
3 Simulation results
The DL OTDOA measurement is event triggered when positioning service is requested. The scheduler of the serving cell will send the resource coordination to the neighboring cells schedulers for transmitting the dedicated LCS-RS from a single antenna for UE OTDOA measurement.  Single antenna transmission from  neighboring cells will reduce further error in timing offset estimation from 2 transmitting antennae   The OTDOA measured at the UE will require solving intersection of hyperbolas to determine the mobiles position as the method shown in [1].  The simulation results shown in Figure 1 and Figure 2 have the eNB synchronization error with standard deviation of 100ns.  The eNode B location is known accurately through the GPS coordinates..  The 32 ns sampling interval at the UE is considered as the quantization error for the OTDOA measurements.  ETU channel mode is used to depict the multi-path effect of the OTDOA measurement with case 1 and case 3 as the radio channel model for the inter eNode B separations (500m and 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 radio channel effect.  The pilot phase based algorithm is used for estimation of relative timing offset at UE for LCS-RS signals from  neighboring cells.  The serving cell has no transmission at the resource block scheduled for OTDOA measurements to minimize the interference.  Other cells not configured for OTDOA measurements are considered as the source of interference.  The OTDOA measurements are accumulated from multiple subframes to increase the SNR of the neighboring cells to reduce the timing offset estimation errors.   
The simulation results in Figure 1 and Figure 2 show the effects of position estimation errors caused by the relative timing offset estimation errors based on pilot phase based algorithm.  Figure 1 and Figure 2 show the simulation results with hearability of 5 cells (left) and 4 cells (right) for case 1 and 3, respectively.  Numbers of subframes accumulated for the relative timing offset estimation to reduce the position estimation errors are 5, 10, 20, and 50 in Figure 1 and Figure 2   The results in Figure 1 and Figure 2 showed that the DL OTDOA solution will barely satisfy the US FCC mandate E911 phase 2 requirements for network based solution, i.e.  100m for 67% of calls and 300m for 95% of calls even when the UE has strong hearability from 5 cells with around 50 subframe accumulation once relative timing offset estimation has been considered..  
The addition of UE timing offset estimation errors in Figure 1 and Figure 2 indicates the sensitivity of the received signal quality relative to the position estimation error.  With both LCS-RS design and muting the transmission at the serving cells to minimize the interference, the OTDOA method barely meets the accuracy requirement of the US FCC E911 mandate as an independent, network based solution..  Nevertheless, in LTE the DL OTDOA is the complement method to the A-GPS solution for the positioning service at indoor or urban environment when a UE is unable to detect minimum number of desired GPS/GNSS satellites.  It is reasonable to have an algorithm to combine GPS and OTDOA measurements to further improve the accuracy of positioning estimation.   
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Figure 1 : Positioning Error probability for Case 1 with hearability of 5 cells (left) and 4 cells (right) involved in the triangulation with the accumulation of LCS-RS as the processing gain of 5, 10, 20,and 50 subframes
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Figure 2 : Positioning Error probability for Case 3 Inter eNB spacing with hearability of 5 cells (left) and 4 cells (right) involved in the triangulation with the accumulation of LCS-RS as the processing gain of 5, 10, 20,and 50 subframes

4 Conclusion

In this contribution, we provide further results of the DL OTDOA with the error modeling of relative timing offset based on pilot phase base algorithm.  The performance results provide a reference of achievable accuracy in location estimation using DL OTDOA method with dedicated LCS-RS [2].  The results show that accumulation of neighboring cells TDOA measurement is required to improve the relative timing offset measurement.  It becomes clear that DL OTDOA without the improved hearability will not provide the desired accuracy in the location estimation to meet some target requirement, such as US FCC mandate for Emergency call. 
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ANNEX

	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 

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of receive antennas
	2
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