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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#62bis, the simulation assumptions were further discussed [2], [3],[4] in order to calibrate the simulation results from different companies for final UTDOA evaluations.  The agreements are as follows, 
· Continue with evaluation assumptions as agreed in RAN1#61 in [1]
· To aid calibration of results, provide VoIP outage or VoIP capacity for the simulated scenarios
· except in the case of UTDOA based on SRS measurements only

· 0dB offset between SRS and PUSCH

· Other values may be evaluated in addition.

· The results are to be provided for UTDOA method only, without combining with any other positioning technology

It is also agreed that the simulation results and system analysis of standard impact will be discussed at RAN1#63 as follows,
· Summarize results for the simulated scenarios, accounting for the assumptions applied in the scenarios

· No averaging of results between companies

· Ranges of results corresponding to available evaluations are to be provided

· Summarize the information to be provided by the network necessary to support UTDOA in the scenarios and configurations evaluated

The interference modeling and interference handling is the most critical aspect for UTDOA performance.  Most of the discussion of the simulation assumptions focused on the interference modeling to capture the realistic system operation.  The UTDOA performance results showed in [6], [8], [9], [10], [11], [12] are primarily constrained by the interference sources.  The sensitivity analysis in [7] showed that the dominant factor limiting UTDOA performance is the interference.  The distribution of the interference would also impact the final UTDOA performance.  In the analysis presented in this paper, we use an SRS interference cancellation scheme to handle the highly variant interference for SRS and hence to improve the UTDOA performance.       

2. UTDOA Performance with SRS Interference Cancellation
UTDOA technology is based on time difference of arrival (TDOA) measurements of the UE uplink signals measured at neighboring eNBs.  The dominant co-channel interference for the UL TDOA measurements at the neighboring eNBs is the scheduled UL transmission at the measuring eNBs.  The dominant co-channel interference sources at the measuring eNB are the UL PUSCH, UL RS, or SRS for scenarios 1 to 5 in [1]. Several techniques have been shown in [6], [8], [10], [11], [12] to improve the UL TDOA detection.  There are different views in interference modeling in relation to the system load, IoT distribution and user behavior.  This leads to disagreements over the UTDOA results.  Since the primary co-channel interference is from the UL transmission in the eNB performing UL TDOA measurement, the eNB should be able to remove the predominant co-channel interference by canceling out the UL transmissions in its cell before processing the TDOA measurement.  The interference cancellation might incur extra delay in the TDOA measurement but this extra delay would be negligible since the UL signals for TDOA measurement require long term accumulation to improve the detection probability and detection reliability.  For SRS-only scenarios with network synchronization, the dominant interference is assumed to be the SRS transmissions from the UEs in the measuring cell and could be easily cancelled out, especially as the SRS configuration for UE positioning is semi-statically configured.  
2.1.  SRS Interference Cancellation for UTDOA 
The SRS interference cancellation scheme used here is shown in Figure 1.  The assumption is that the system is well synchronized with 50 ns standard deviation in accordance with the agreed simulation assumption in [1].  The SRS signal for UE positioning would be superimposed on the SRS signals from the measuring cell.  The measuring eNB would decode all SRS transmissions from the UEs in its cell and cancel them out before decoding the SRS signals from the serving cell for positioning.  The SRS decoding for the UEs in the measuring cell needs to be done anyway for channel state estimation for those UEs as shown in Figure 1.  The only additional operation for SRS IC is the subtraction before processing the SRS for UE positioning.  The SRS IC scheme for UTDOA is therefore a relatively simple and low-cost addition.  
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3. Simulation Results and Analysis

The UTDOA simulations for SRS interference cancellation shown here were performed based on the simulation assumptions in [1].  The detailed simulation parameters are listed in the Annex.  The simulations also considered the network synchronization errors, quantization errors, and NLOS errors caused by the multipath fading channel.  The UTDOA simulation results for SRS-only scenarios for 4 and 5 detecting eNBs with both 10 and 20 dB penetration loss are shown in Figure 2 for normal SRS detection and in Figure 3 for SRS interference cancellation. Accumulation of 100 SRS subframes is used.  
The simulation results in Figure 2 clearly show the effect of dominant interference from the SRS transmission at the measuring cell.  The UTDOA performance in Figure 2 is far from the desired performance level.   In Figure 3, the UTDOA performance improves dramatically after the cancellation of dominant co-channel interference.  Using this method, the UTDOA performance could easily meet the FCC terrestrial positioning technology requirements of 150 meters 67% of time and 300 meters 95% of time.  The UTDOA performance with 5 eNB detection in Figure 3 could almost meet the FCC satellite technology positioning requirements of 50 meters 67 percent of time and 100 meters 95 percent of time.  Under these assumptions, we can therefore conclude that UTDOA technology would be a useful positioning technology.  
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Figure 2: UTDOA results without SRS interference cancellation for 4 and 5 eNBs and 10/20 dB penetration loss with 100 SRS subframe accumulation
(a)
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Figure 3: UTDOA results with SRS interference cancellation for 4 and 5 eNBs and 10/20 dB penetration loss with 100 SRS subframe accumulation 
4. Conclusion

In this paper, we showed the UTDOA performance based on SRS measurements only, with an SRS interference cancellation scheme.  
The UTDOA performance improves dramatically after the dominant interference sources are cancelled.   It seems feasible to cancel the interference at the measuring eNB since it has all the scheduled UL transmission information.  The additional cost of the  interference cancellation for UTDOA is small and acceptable, since the decoding of the UL transmission is processed at the measuring eNB anyway.  
Although this study of interference cancellation has focused on the SRS-only scenario, the interference cancellation schemes could also work well for SRS+SPS and SRS+dynamic scheduling scenarios.  
Under such assumptions, we believe that the UTDOA would be a useful technology for LTE UE positioning.  
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ANNEX

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m

	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

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure � SEQ Figure \* ARABIC �1�: SRS interference cancellation scheme
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