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1 Introduction

During the last RAN1 meeting UTDOA simulation assumptions were agreed in [1]. In this contribution we provided simulation results based on the agreed assumptions for the following two scenarios:

1) Dynamic scheduling with SRS

2) SPS scheduling with SRS

For both of these cases the TDOA measurements can be obtained based on one of the following options:

1) PUSCH RB’s (payload and DM RS symbols)

2) SRS symbols

3) SRS + payload RB’s on PUSCH

In this contribution we provide the accuracy results for options 2) and 3), since option 1) was studied already under SPS only simulations [2],[3].  

2 Discussion

2.1 Simulation approach and Modelling

This section includes a description of the primary assumptions and the approach used to model UTDOA (the detailed simulation parameters are presented in Annex A).

The simulation results consider SRS transmissions from the target UE to obtain TDOA measurements in all neighbour/cooperating sites. The reference signal (Zadoff – Chu sequence) in this case is known to all cooperating sites. The cooperating sites know the SRS bandwidth and periodicity as well.

The simulation results also consider use of both the SRS as well as a single PRB VOIP transmissions from the target UE to obtain a TDOA measurement. For a dynamic scheduling scenario, we have assumed that scheduling information is available at the LMU.
The interference is created by placing randomly 50 UE’s\MHz in the cooperating site (where TDOA measurement is obtained) as well as all surrounding cells. All UE transmissions are power controlled. SRS transmissions are not being coordinated among cells (time is random between cells). The traffic model is VOIP traffic with 50% activity factor.

3 Simulation Results

3.1 Accuracy results

Figures 1 – 2 show accuracy results for case 1 using the EPA and ETU models.  The figures show that the use of both SRS and SPS generally improves accuracy over using only the SRS.   At the higher percentiles the relative performance is reversed due to the addition of less accurate SPS measurement(s) to the SPS measurements.    A larger improvement is evident for the ETU model.  
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Figure 1 – Accuracy results for EPA case 1.
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Figure 2 – Accuracy results for ETU case 1.
Figures 3-4 show accuracy results for case 3 using the EPA and ETU models.  Here the use of SRS + SPS improves accuracy over SRS only due to the benefits from the higher detection sensitivity of the SPS measurements.  A larger improvement is also evident for the ETU model when compared with the EPA model.  
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Figure 3 – Accuracy results for EPA case 3.
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Figure 4 – Accuracy results for ETU case 3.

3.2 Detection results

The detection results are shown in Figures 5 and 6 for the EPA and ETU models respectively.  SRS is shown in the dotted line and SPS in the solid line.  The detection probably approaches unity for all cases above -10 dB SINR and approaches 0 for all cases below -25 dB.   The figures show the transition between these detection and non-detection regions.  The curves show that SPS detection provides greater detection sensitivity than the SRS detection.
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Figure 5 – Detection results for the EPA model.
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Figure 6 – Detection results for the ETU model.
3.3 Interference 

As mentioned, the interference is modelled by placing 50 UE’s per MHz at random positions in each cell. From Figure 7 below showing the pdf of interference, it is evident that the distribution of the interference is not Gaussian. While the mean of the IoT is high (above 8dB), it is evident there is a small percentage of RB’s that suffer low interference. By accumulating TDOA measurements over a large number of sub-frames, the LMU is able to obtain good TDOA measurements.
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Figure 7 – IoT probability distribution.
4 Summary

The contribution includes UTDOA accuracy simulation results based on agreed assumptions in [1]. It is important to note that the results shown in this contribution are for a heavily loaded system and can be used to show the UTDOA performance in a worst case scenario.  In most practical and realistic deployments the network will not have such a high load in all cells and areas of deployment.

The results show that using energy from both the SRS UE transmission as well as VOIP payload RB’s for the TDOA measurement provides more sensitivity and better accuracy primarily for the 1.7 km ISD deployment use cases. 

Appendix A: Simulation Assumptions

Table 1 Simulation assumptions for UTDOA 
	System Parameters

	Bandwidth 
	10 MHz

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Equipment Model

	eNB
	Number of RX antennas
	2
	UE
	Number of TX antennas
	1

	
	Antenna gain
	15dBi (3-sector antenna as defined in TR 36.942)
	
	Antenna gain
	Omni, 0dBi

	
	Antenna tilt
	N/A 
	
	Power class
	23 dBm

	
	
	
	
	UE height
	2m AGL (Above Ground Level)

	
	Number of sectors
	3
	
	
	

	
	Noise figure
	5dB
	
	
	

	Deployment Parameters

	Cell layout
	Hexagonal grid, wrap around
57 cells

	Number of users 
	50 VoIP users per MHz 

	Frequency reuse factor
	1

	Shadowing factor
	Lognormal shadowing std. dev. 8dB, 
Correlation distance of shadowing 50 m

	Shadowing correlation
	0.5 betweem sites
1 between sectors

	Path loss model
	PL (dB) = 128.1 + 37.6 log10 (R [km])

	Inter –site distance
	500, 1732 m

	Penetration loss, Inter-site distance,

and UE speed
	Case 1: 20dB, 500m, 3km/hr (indoor)

Case 3: 20dB, 1732m, 3km/hr (indoor)
(Penetration loss is isotropic)

	Channel model 
	EPA, ETU

	Resource block allocation
	SPS VoIP: 1 RB every 20 msec 



	SPS Coherent integration length
	1ms, 0.5 msec

Baseline: 1ms

	Non coherent segments for SPS
	100, 200

Baseline: 100

	Network synchronization
	Between LMUs

	RMS clock synchronization error between LMUs
	50 nsec

	Detection window
	12.5 microseconds

	False alarm rate (noise only)
	0.5 %

	Quantization error (Time granularity) of UTDOA measurement
	Inverse of the signal bandwidth

	    Filtering
	Frequency domain filtering is applied both at Reference LMU and Cooperating LMUs

	Coordinates of serving and neighbour cells
	Known

	Cyclic Prefix
	Normal

	UE Voice Coverage
	UTOA/UTDOA is calculated only in points on the grid where UE has voice coverage (UE power is 23dBm or less) [including penetration loss case]

	VoIP service and QoS requirements
	Full rate AMR with 50% voice activity factor. Outage defined for 2% FER at 50ms delay bound.

	Power control
	Full pathloss compensation for VoIP only, = 0.8 for mixed data and VoIP


	Simulation output
	1. Detection curves (detection probability vs coop SINR) for each reference SINR
2. Number of detected cells
3. RMS error curves (RMS TDOA Error vs. coop SINR)
4. VoIP capacity and VoIP outage, cdf of data user throughput (for mixed VoIP and data traffic)
5. Accuracy curves (Probability vs Error, include all positioning attempts)
6. Interference distribution
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