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1
Introduction
In previous RAN4 meetings, a link-level simulation framework for defining the reference signal time difference (RSTD) accuracy requirements for positioning was introduced [1],[2].
In this contribution we present some preliminary simulation results based on this framework.

2
Discussion
To evaluate the RSTD, simulations were run for different serving cell SINRs, channel models and cell ID combinations.
2.1 Simulation conditions
The assumed scenario is the one introduced in [3] with the UE located in the middle of the equilateral triangle formed by the 3 BSs, with BS0 the serving cell. The signals from all 3 BSs are assumed to arrive at the UE at the same time. In [1] a SNR (excluding interference from the 2 other BSs) of -13dB for all BSs was proposed, however, we find that a SNR level of -13dB for all cells implies that we are in a fully thermal limited scenario. The SINR levels (including interference from the other BSs) only vary from -13dB to -13.2 dB depending on whether there is interference from other cells or not. Moreover, an SNR of -13dB for the serving cell is unrealistic, as the serving cell SINR is -6dB or greater. Therefore we propose also using -6dB and 20dB for the serving (in fact the SNR could be much larger), and a cell ID set of to cover both the overlapping and non-overlapping cases. For the other cells, a SNR of -13dB is continued to be used. Furthermore, different SINRs for different cells would lead to more useful results (same SINR for all cells leads to same results for all links). The link simulation parameters are listed in Table 1.

Next we present some details of our simulation methodology. A pseudorandom sequence was used for the PRS for this preliminary simulation. In the receiver, the PRS pilot tones corresponding to each BS are extracted in the frequency domain and transformed back to the time domain symbol by symbol. Correlation is performed in the time domain for an entire RB (8 OFDM symbols that contain PRS pilots in this case). Power combining is used for the 2 Rx chains. The search window is 4us centered on the first arriving path. (Note that larger window sizes could be considered in future simulations based on the results in [4].) The highest correlation value within the window is considered and one of the base stations is considered as the reference point, thus the error can be in the ±4us range (e.g. in the BS0-BS1 curve BS0’s highest correlation point is considered the reference point).  The detection threshold is set to 1%.
Table 1. Link simulation assumptions

	Parameter
	Value

	Cell layout
	3 cells at distinct locations as illustrated in Figure 1

	Cell ID scenarios
	(0, 1, 2) No overlap, 

(0, 3, 6) 0 and 6 overlap, 3 doesn’t

	Network synchronization
	· Synchronous

	Cyclic prefix
	Normal

	DRX

Carrier frequency 
	OFF
	1

	
	2 GHz
	6

	UE speed
	3 km/h

	Carrier bandwidth
	· 1.4 MHz (baseline)

· 10 MHz

	Channel model
	ETU, EPA, AWGN

	Noc (does not include received powers of the three simulated cells), [dBm/15kHz]
	AWGN

	Ês/Noc for three cells, [dB]
	(-13,-13,-13),(-6,-13,-13),

(20,-13,-13),

	Number of transmit antennas
	1

	Number of receive antennas
	2 equal-gain uncorrelated antennas, power combining at the receiver  

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS),

full or partial alignment

	Number of consecutive positioning subframes
	1

	Number of positioning occasions for a positioning fix
	1
	1

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth

	Search window
	4us


2.2 Simulation Results

The simulation results are shown next. The SINR values are shown for (BS0, BS1, BS2) with BS0 as the serving cell. All the results are for 1.4MHz system bandwidth.
· 1.4 MHz Bandwidth (6RBs) BS IDs (0,1,2)
· SINR values (-13dB, -13dB, -13dB), 3km/h 
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Fig. 2.2.1 AWGN channel error                                             Fig. 2.2.2 EPA channel error
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Fig. 2.2.3 EVA channel error
· SINR values (-6dB, -13dB, -13dB), 3km/h
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Fig. 2.2.4 AWGN channel error                                             Fig. 2.2.5 EPA channel error
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Fig. 2.2.6 EVA channel error

· SINR values (20dB, -13dB, -13dB)
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Fig. 2.2.7 AWGN channel error                                             Fig. 2.2.8 EPA channel error
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Fig. 2.2.9 EVA channel error

· 1.4 MHz Bandwidth (6RBs) BS IDs (0,3,6)

· SINR values (-6dB, -13dB, -13dB), 3km/h
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Fig. 2.2.10 AWGN channel error                                             Fig. 2.2.11 EPA channel error
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Fig. 2.2.12 AWGN channel error
· 1.4 MHz Bandwidth (6RBs) BS IDs (0,3,6)

· SINR values (20dB, -13dB, -13dB), 3km/h
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Fig. 2.2.13 AWGN channel error                                             Fig. 2.2.14 EPA channel error
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               Fig. 2.2. 15 EVA channel error

Based on these simulation results, we can make some observations. First note that a sharp spike near 0 implies very good detection, while a 450 line implies that the error is uniformly distributed.  As the detection probability for the first path increases (higher SINR) the error range also becomes smaller. For the 20dB SINR, the error of BS0 compared to other BSs is in the -2 to 2 us interval as the search window is 4 us. 

For the overlapping case, the detection performance for BS2 degrades due to the interference coming from BS0. This makes the BS0-BS2 and BS1-BS2 errors be more evenly spread throughout the search window. This decreases the probability of correctly detecting the timing of BS2 and increases the error spread. In the case where the SINR of BS0 is 20dB, the error is evenly spread in the -2 to 2 us interval as the the BS2 effective SINR becomes -33dB. In this case the error is limited by the window size. In contrast the BS0-BS1 error is not very sensitive to the BS0 SNR due to the fact that they are non-overlapping. 
3 
Conclusion

In this contribution some preliminary link level simulation results were presented. Several different scenarios in terms of SNR and PRS overlapping were analyzed. It is seen that a scenario with SNR of -13dB for all cells shows no impact due to interference from other cells and is also less likely since the serving cell SNR is never that low. Therefore a more realistic scenario with cell IDs covering both overlap and no overlap and a wider range of serving cell SNRs should be considered for further link level simulations.  
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