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1. Introduction
In RAN1#61 the UTDOA simulation assumptions were agreed in [1].  Five simulation scenarios were agreed; they are dynamic scheduling without SRS, dynamic scheduling with SRS, SPS scheduling without SRS, SPS scheduling with SRS, and SRS only. The SRS assumption, interference modeling, NLOS modeling and other simulation parameters were also specified to get a complete set of simulation parameters for the UTDOA technology evaluation.  The primary factors of UTDOA performance degradation are the time offset estimation error caused by strong interference and NLOS effect.  This paper shows some techniques to improve the UTDOA performance by reducing the effect of interference.  
2. Improving UTDOA Performance through SRS hopping
We have shown the simulation for the SRS-only scenario with SRS transmissions fully synchronized among cells in [2]. The simulation results showed that UTDOA performance is limited by the SRS interference from the UEs in the neighboring cells when the eNB performs the UTDOA measurements.  SRS transmissions with the same root sequence and cyclic shift as the UE in the measuring cell cause a large bias in time offset estimation for the UTDOA measurement. A long accumulation of SRS signals for UTDOA measurements would not provide any UTDOA performance improvement.  The large bias in the estimation is caused by the large variance of the interference.  If the interference source is generated from the same root sequence and cyclic shift, the variance of the interference is multiplied when the eNB performs SRS signal accumulation from the UE target for UTDOA measurement.  
The sum of the interference is equivalent to the sum of the same random variable since the same Zadoff-Chu sequence and cyclic shift is used from the interfered UE.  The variance of the sum of the same random variable is the sum of the variance of the random variable.  However, if SRS hopping is performed, different Zadoff-Chu root sequences are used from the interfered UE at each SRS subframe.  The random variable of the interference at each SRS subframe would be different and independent.  From central limit theory, the distribution of the sum of i.i.d random variables is Gaussian.  Thus, the sum of the interference will close to Gaussian distribution if different Zadoff-Chu sequences are used from the interfered UE at each SRS subframe.  If the distribution of the interference is close to Gaussian, the interference will be averaged out when the target SRS signals are accumulated.  Thus, SRS hopping would improve the SINR when the target SRS signals are accumulated through multiple SRS subframes.  
The number of SRS sequences for hopping defined in [3] is limited.  Thus, the random variables characterizing the interference across SRS hopping are not completely i.i.d.  The statistics of the accumulated interference will be close to white but not completely white.  The effect of SRS sequence hopping would have some ability to reduce the variance of the interference when target SRS signals are accumulated.  The other limitation of SRS sequence hopping is that only narrowband SRS can be configured [3].  The narrowband SRS is designed to support cell-edge UEs when the SRS transmission power is limited.  Thus, not all of the SRS sequence from the interfered UE could perform SRS hopping..  Thus, we configure one set of cells with even subcarriers for wideband SRS and odd subcarriers for narrowband SRS and the other set of cells with even subcarriers for narrowband SRS and odd subcarriers for wideband SRS.  Cells are interlaced between two set of SRS configuration to create the equivalent effect of reuse factor 2.  Thus, some neighbor cells will have interference with SRS hopping and other neighbor cells will have interference without SRS hopping.  This is the case of partial SRS hopping for UTDOA measurement.   
3. Simulation Results and Analysis

The simulation assumptions and modeling follow the simulation assumption agreed in [1]. Our modeling of system behaviors are detailed in [2].  The detail parameters are included in the Annex.  The simulation results capture hearability at 4 and 5 cells, with penetration loss of 10 dB for outdoor and 20 dB for indoor.  UTDOA performance results with target SRS are accumulated 100 times for case 1 with partial hopping  in Figure 1 and full hopping in Figure 2. UTDOA results with the same scenario for case 3 are shown in Figure 3 and Figure 4.  In Figure 5 and Figure 6, the UTDOA results with 200 accumulations for case 1 are depicted.  We can see that the full hopping provides better location estimation than that of partial hopping in all three cases.  We also show that the UTDOA performance results with 200 accumulations in Figure 5 and Figure 6 are better than those of Figure 1 and Figure 2 respectively.  

The interference randomization through SRS hopping improves UTDOA performance compared to the results without hopping in [2]. However, the simulation results from Figure 1 to Figure 6 are still not close to the accuracy requirement of terrestrial location technology of 100 meters 67% of time and 300 meters 95% of time for US FCC E-911 feature. 
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Figure 1 : UTDOA results for 500 m inter-site distance with partial hopping – 100 accumulations  
Figure 2: UTDO results for 500 m inter-site distance with full hopping – 100 accumulations 
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Figure 3: UTDOA results for 1732 m inter-site distance with partial hopping – 100 accumulations 
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Figure 4: UTDOA results for 1732 m inter-site distance with full hopping – 100 accumulations
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Figure 5: UTDOA results for 500m inter-site distance with partial hopping - 200 accumulations
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Figure 6: UTDOA results for 500m inter-site distance with full hopping- 200 accumulations

4. Conclusion

In this contribution, we analyze the characteristics of SRS interference and propose SRS hopping to reduce the SRS interference.  The simulation results for full and partial SRS hopping show an improvement in UTDOA performance over no SRS hopping and validate our SRS interference analysis.  The UTDOA performance still does not meet the USA FCC mandate performance requirements for terrestrial positioning technology, but the SRS hopping provides at least some gain in the right direction.  
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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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