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1. Introduction
In RAN1#61 the UTDOA simulation assumptions were agreed in [1]. Five different simulation scenarios were agreed.  Details of interference modeling were outlined in [1] to capture the interference caused by dynamic scheduling.  In RAN1#61bis, several simulation results were shown in [2], [3], [4]  based on different simulation scenarios.  The interference modeling and methodology in capturing interference are also quite different between the simulation results.  It is understandable therefore that the simulation results from in [2], [3], [4] are widely spread.  In order to understand better the effect of each variable on the UTDOA performance, we perform a sensitivity analysis by breaking down the effect of each variable on the performance.      

2. Performance Modeling and Sensitivity Analysis 
The simulation assumptions with interference modeling were agreed to enable the simulation results to be based on the same assumptions.  There are still a few proprietary algorithms in the signal detection and estimation from each simulation results.  However, the difference in UTDOA performance should not depend much on the detection and estimation algorithm.    
The UTDOA system modelling includes the factors of node synchronization error, NLOS and multi-path channel effects, quantization error, oscillator error and UE measurement error for neighbouring cell subframe timing offset estimation.   The simulation results in [2] and [5] capture the compound effects of all these errors.  The sensitivity analysis presented here isolates one factor at a time, thus helping to identify the degree of impact of each factor on the overall UTDOA system performance.  

The LTE system errors and radio channels for UTDOA are modeled as i.i.d. random variables.  The UE measured neighboring cell subframe offset timing error for the UTDOA performance are caused by some of the random variables, including the eNB synchronization error, eNode B antenna position error, distance loss, shadowing, fading, multi-path, and UE measurement error.

· The node synchronization error – The node synchronization is modeled as zero mean, variance σ2 Gaussian random variable.  The node synchronization between eNBs could be done through GPS/GNSS or another synchronization protocol.  The node synchronization through GPS/GNSS might be challenging for indoor eNBs, where GPS/GNSS satellite reception might not be available.  In particular, terrestrial UTDOA technology is a complementary positioning technology to satellite positioning technology (A-GPS, A-GNSS).  The use of UTDOA would be in areas with limited satellite coverage.  The agreed 50 ns standard deviation of node synchronization error in the simulation assumption is achievable when node synchronization through GPS/GNSS is performed.  However, the 50 ns node synchronization could be very optimistic for indoor UTDOA deployment where satellite coverage is very limited.  
· Non-line-of-Sight (NLOS) effect – The multipath fading channel will bias the peak detection and is critical to the UTDOA performance.  It is agreed that the center of gravity is used to model the peak of the received signal for time offset estimation.  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. Although there are techniques to estimate 1st path of arrival instead of peak detection, it is still very challenging to perform the algorithm in a time varying channel through 100-200 SRS sub-frame accumulations in a real deployment.  

· Frequency stability - The UE oscillator accuracy requirements at the UE and the eNB are ±0.1and ±0.05 ppm.  The clock error is modelled as a Gaussian random variable with zero mean and 50 ns and 25 ns standard deviation σ for the UE and the eNB respectively.  Since the frequency stability is a long term effect, the error is not modeled and isolated. The UE and eNB frequency stabilities are included in the timing offset estimation error in the UTDOA performance evaluation since the timing offset estimation uses the local clock as the reference time.  

· Timing offset estimation errors – The UL measurement of subframe timing offset at the neighbouring cell(s) is used to estimate the time offset of the received signals from the UE at its serving cell relative to the reference time at the measured cell.  A practical timing-offset-estimation algorithm is considered to account for multipath effect and the hearability of neighboring cell’s SRS. In our UTDOA performance evaluation, a pilot phase based algorithm is used to measure the subframe offset of the 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 the received SNR from the neighbouring cell RSs.  The received SNR could be increased through energy accumulation by accumulating from multiple symbols and multiple subframes.  

2.1. Linkage of Interference Modelling between System and Link level simulations

In the UTDOA simulation assumptions [1], the interference sources are fully modelled by the PUSCH or SRS transmissions from the UEs at the neighboring cells performing the measurements.  When the SRS are completely synchronized among cells, the interference of SRS transmission from the UEs in the neighbouring cells are directly modelled by the cross correlations of different Zadoff-Chu root sequences from the link level simulation as in [2] and [5].  When the SRS are not synchronized, the interference is from the PUSCH transmissions (either dynamic or semi-persistently scheduled). The interference statistic caused by the VoIP users with SPS scheduling was shown in [4] from the system level simulation.  The interference distribution shown in [4] is non-white and strongly biased dependending on the inter-site distance and system BW.  The statistical distribution of IoT shown in [4] illustrates the uncertainty of the interference to the detection and estimation in the UTDOA measurement. It also poses a challenge in capturing the effect of the interference to the UTDOA detection from the link level simulation to the system level simulation.  In particular, it is difficult to capture the interference effect when large numbers of SRS subframes are accumulated to improve the hearability.   The effect of interference measurements from the system level simulation on the timing detection and estimation for UTDOA measurements requires further study.  
3. Simulation Results and Analysis

The simulation for the sensitivity analysis of the UE measurement to the UTDOA performance is designed by setting one variable as ideal to see its impact on the UTDOA performance.  The simulation setup is the same as those in [2] and [5] with improved hearability based on the SRS design. The simulation assumes single antenna transmission from the UE.  The SRS and the cell are fully synchronized through GPS with standard deviation 50 ns. The ETU channel model is used to depict the multi-path effect of the UTDOA measurement case 1 and case 3 with inter-site separations of 500 and 1732m respectively.  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.  The pilot phase based algorithm is used at the eNB to estimate the relative timing offset of the SRS transmission from the UE to the neighbouring cells.  The measurements of UE SRS at the neighbouring cells are accumulated over 100 SRS subframes to improve the received SNR for the timing offset estimation by pilot phase based algorithm.  The simulation results are based on the hearability at 4 strongest neighboring cells.   

The simulation results of sensitivity analysis of error factor for case 1 and case 3 are shown in Figure 1 and Figure 2 respectively.  

· Scenario 1: No multipath, no fading. Gaussian noise only as the baseline scenario
· Scenario 2: Addition of BTS synchronization error 50ns and minimal resolution of quantization 32ns on top of scenario 1.  
· Scenario 3: Addition of ETU multipath through center of gravity modeling on top of scenario 1 to show the NLOS effect
· Scenario 4: Addition of noise-like SRS interference on top of scenario 1.
· Scenario 5: Addition of mixed SRS interference, where parts of SRS interference have sequence hopping and the other parts has no hopping, on top of scenario 1.

· Scenario 6: Addition of SRS interference without hopping on top of scenario 1.
 
From Figure 1 and Figure 2, we can see that the effect of eNB synchronization error and NLOS effect to the UTDOA performance is relatively small.  The primary factor to the UTDOA performance is the interference.  Scenarios 4, 5, and 6 in Figure 1 and Figure 2 show UTDOA performance degradation caused by different interference sources using the pilot-phase based algorithm.  Scenario 4 is the upper bound of the UTDOA performance in the interference-heavy environment with the interference spectrum being white.  When the interference distribution is not white, the bias effect in the relative timing offset estimation occurs and thus leads to UTDOA performance degradation.  The timing offset estimation for the UTDOA measurement is very sensitive to the statistical distribution of the interference.
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Figure 1: UTDOA results for case 1 with SRS fully synchronized
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Figure 2: UTDOA results for case 3 with SRS fully synchronized
4. Conclusion

In this contribution, a sensitivity analysis of the different error sources in the UE measurements on the UTDOA performance is shown.  
The simulation results show that the most sensitive factors for the UTDOA performance are the timing offset estimation errors caused by high interference and the NLOS effect caused by the multipath fading channel.   
The timing offset estimation errors could be reduced by increasing the hearability through the SRS design.  In order to increase the hearability, minimizing the interference would be the top priority.  
The multipath fading channel effect would also be reduced if the interference were reduced. 
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ANNEX

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m/1732m

	Antenna gain
	15 dBi

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Penetration loss
	Indoor: 20 dB; Outdoor: 10 dB


	UE speed
	3 km/h

	Carrier bandwidth
	10 MHz

	UE power
	21 dBm

	BTS receiver sensitivity
	-93.5 dBm

	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

	SRS Resource block allocation
	1 SRS symbol in every 5 subframes, using even or odd subcarriers in 50 RBs

	Integration time
	100 SRS subframes (one SRS symbol in each frame) 

	Clock synchronization error between LMUs
	50 nsec
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