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1. Introduction
In RAN1#60bis, the primary focus of UTDOA discussion was on the simulation assumptions to evaluate the feasibility of the technology [1], [3], [4], and [5].  The simulation assumptions are critical to the evaluation of UTDOA technology. The UTDOA simulation assumption discussions were continued offline during RAN#60bis and by ad hoc conference call.  The paper discusses the primary issues in the simulation modeling for the UTDOA technology and our methodology of UTDOA modeling. We also present some preliminary evaluation results. 
2. UTDOA Simulation Assumptions and Modeling
Several different views have been expressed on the modeling and simulation assumptions for UTDOA. The detail analysis of simulation assumption and modeling are discussed in [6].  The primary differences are as follows:
· Reference signals – Both DM RS and SRS are proposed   
· The DM RS comes with the PUSCH.  Thus, the simulation assumptions need to assume the knowledge of the scheduling grant, either semi-persistent or dynamic, at the measurement unit (eNB or LMU).  
· The SRS is periodically transmitted as configured by higher layers.  The eNB or LMU would have to obtain the SRS configurations from the serving cell of the UE whose position was to be measured. 
· Interference modeling – The interference to the UL measurements is critical to UTDOA performance.  The interference modeling is the most controversial issue.  

· If the DM RS is used as the reference:  The interference sources are those PUSCH RBs transmitted in the neighboring cells that are performing the UTDOA measurements.  The interference could be modeled in a static sense through system load.  The variations of the interference could be captured directly through the measurements in the system level simulations or by applying a statistical distribution.  
· If the SRS is used as the reference:  If the SRS transmissions among cells are synchronized, the SRS interference could be measured directly from the link level simulation results of the cross-correlation of different Zadoff-Chu sequences.  A statistical model could be used.  If the SRS transmissions among cells are not synchronized, the interference could be modeled in a similar way to the DM RS case, using cell load.  We use the link level simulation curves to capture the SRS interference in our system level simulation.  
· Power control – the UL RS transmissions, either DM RS or SRS, are power controlled.  The power control would depend on the path loss compensation measured at the UE.
· If the DM RS is used as the reference:  Since no additional power boosting on RS was agreed, the PUSCH power control needs to be incorporated in the system level simulation to capture the UE Tx power variation between frames.
· The SRS is used as the reference.  The power control could be set to follow the PUSCH power control or independently based on the setting of the SRS power offset parameter relative to the PUSCH. The power offset relative to PUSCH could be set to highest value such that Pmax is always used as the Tx power at the UE for SRS.  Our simulations assume the SRS uses Pmax all the time by configuring maximal SRS power offset relative to PUSCH.  
There are several other areas where there are different views on the modeling and simulation assumptions, such as scheduling coordination, information collection, IoT setting, and interference statistics.  However, the performance results should be within a reasonable range if simulation assumptions are clearly described.  
Our methodology for UTDOA evaluation was given in [1].  Our UTDOA simulations use SRS as the reference signal for the measurements. We assume the eNodeBs are fully synchronized through GPS/GNSS, with the standard deviation of the synchronization error being 100 ns. The SRS are transmitted at the same time from UEs at all cells.  Each cell has its own root Zadoff-Chu sequence.  We model a total of 6 UEs in the same cell transmitting SRS with different cyclic shifts of the same root sequence.   We assume a quantization error of 32 ns although the eNB could get a better resolution through over-sampling.  The timing advance measurement (TADV) is assumed to have same resolution as that of the quantization without further rounding.  The multipath effect is modelled by the centre of gravity to capture the NLOS skew effect.  Both indoor and outdoor penetration loss have been captured as deterministic values.  The simulations assume that energy is accumulated over 100 SRS subframes to increase the reliability of the inter-cell SRS measurements.  
3. Simulation Results and Analysis

Our general simulation assumptions and modeling have been discussed above and in [1].  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.  We get SRS interference from the UEs at the measuring cells through link level simulation with cross-correlation of two Zadoff-Chu root sequences.  In the system level simulation, the interference from six UEs in the measuring cells is directly measured and the TDOA errors are obtained by looking up the link level results with respect to the received SINR.  

The CDF of UTDOA system simulation results can be captured in various ways.  Some of the UTDOA computation results could be declared impossible based on prior knowledge of the inter-site distance.  The computation of the UTDOA CDF could exclude all those impossible points.  The simulation results with different CDM accumulation are shown in Figure 1, Figure 2, and Figure 3.  
The CDF curves of the system simulation results shown in Figure 1 exclude completely those points with impossible solutions; such points are excluded from the total number of simulation points when calculating the CDF.  We observe that the results are similar for 4 and 5 cell detections with 10 and 20 dB penetration loss.  The accumulation of energy over 100 SRS subframes does not help to improve the received SINR since the dominant factor is the SRS interference caused by the UEs in the measuring cells, and the SRS interference is not white.  The UTDOA results are not sensitive to 10 or 20 dB penetration loss due to the removal of results which are impossible.  
The simulation results are far away from the required accuracy requirement of terrestrial location technology of 100 meters 67% of time and 300 meters 95% of time for US FCC E-911 feature. 

Figure 2 shows the same results as in Figure 1, but this time the points that correspond to impossible measurements are counted in the total number  of measurements when deriving the CDF, although the errors of such measurements are not included.  The CDF computation in Figure 2 brings down the performance since the total number of samples is increased compared to that of Figure 1 The simulation results are insensitive to 4 or 5 cells hearability and 10 or 20 dB penetration loss.  
The CDF in Figure 3 has no filtering of any points with impossible solutions.  We observe that the UTDOA location estimation error is excessive with some values being 5 time the inter-site distance.  
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Figure 1: UTDOA results with hearability of 4 and 5 cells.  The CDF completely excludes those points with impossible solutions, and those points are not counted in the total number of simulation points
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Figure 2: UTDOA results with hearability of 4 and 5 cells.  The CDF excludes the points with impossible solutions, but those points are nonetheless counted in the total number of simulation points
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Figure 3: UTDOA results with hearability of 4 and 5 cells.  All simulation points are captured without filtering out the points with impossible solutions
4. Conclusion

In this contribution, we further analyze the modeling of the system simulations for the UTDOA technology evaluation.  Three key variables in the UTDOA simulation assumptions are 

· RS selection

· Interference modeling

· Power control

There are several parameters in the simulation that need to be clearly outlined in order to provide fair comparison between different evaluation results for UTDOA technology.  From our simulation results, we propose to compute the CDF excluding positioning estimation error when the solution is impossible, and excluding  those occasions from the total number of simulation points (i.e. as shown in Figure 1); this seems a reasonable approach because the eNB or LMU would not update the UE position from estimation outputs of such occasions.  
Our preliminary simulations show that the UTDOA performance with coordinated SRS transmission among cells could not meet the target FCC mandate performance requirements.  The UTDOA performance is severely degraded by the inter-cell SRS interference.  Increasing the number of SRS subframes over which accumulation takes place does not help to improve the UTDOA performance since the interference is not white.  Some techniques in SRS interference mitigation are under further study to see if the UTDOA performance can be improved.
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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
	100 nsec
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