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1. Background
In the previous meeting, there has been presented a link-level simulation framework for defining positioning requirements, namely reference signal time difference (RSTD) accuracy requirements and cell detection performance requirements [1]. In this contribution, we present further details on the link-level assumptions specifically for RSTD requirements and discuss the connection between the link simulation framework [1] and system simulation framework [2], both being conducted within the WI on positioning support for LTE.
2. RSTD Accuracy Definition
The intention of the link simulation studies is to provide a basis for deriving RSTD accuracy requirements which will finally be given as a range (( [ns], where ( is the maximum absolute measurement error which is to be defined based on link-level simulations.
We propose the following definition of RSTD error to be considered in the link-level simulation framework,

An RSTD error is the difference between the RSTD estimated by the UE and the true value that does not include any channel estimation noise but uses the same sampling rate as for the estimated RSTD.
The RSTD estimation method is up to UE implementation.

Factors affecting the RSTD measurement error such as measurement sampling rate which induces the quantization error, Ês/Iot, measurement bandwidth, multipath, L1 measurement interval, RF impairements etc. need to also be addressed. Another source of the RSTD measurement error is the clock errors at the receivers, or clock bias. This bias adds another unknown to the OTDOA equations and is estimated by the positioning algorithm when the equations are being solved.

3. Connection between the Link- and System-Level Simulation Frameworks
It has been proposed in [1] to explicitly simulate three cells while modelling the other-cell interference as AWGN noise. In the same contribution, it has also been proposed that the network geometry is to be specified by the other-cell interference modeled as AWGN noise, denoted by Noc, and a set of three Ês/Noc  (received energy per RE over the power spectral density of a white noise source) values (note the corrected notation). We have further proposed to simulate at least two cell ID combinations (0, 1, 2) and (0, 6, 12), i.e. with non-overlapping and overlapping PRS patterns, respectively, with the intention to study the impact of PRS correlation properties and model realistic interference. Note also that, given Ês/Noc, Noc, and the set of interferers known from the cell IDs, it is straightforward to derive Ês/Iot (received energy per RE over the received power spectral density of the total noise and interference) for each cell.
OTDOA system studies are ongoing within the system simulation framework [2]. The system-level results have been so far presented in [3]-[6]. In the system simulation studies, we have been investigating the smallest sensitivity and Ês/Iot levels of PRS signals necessary to achieve the reference positioning requirements. The sensitivity level has shown to be not a limiting factor for detecting a number of neighbour cells at distinct locations sufficient for UE position calculation.
One of the output parameters from the system studies will be a PRS Ês/Iot threshold that indicates the minimum signal-to-interference-plus-noise level among the minimum set of neighbour cells necessary for UE position calculation. Let it be denoted by 
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 and let us assume three equidistant base stations. For link simulations, we propose to study RSTD measurement accuracy for the UE location in the center of the triangle and, if agreed by the contributing companies, also along the dashed lines as shown in Figure 1. For example, in the case of non-overlapping PRS patterns, e.g., with cell IDs (0, 1, 2), one simulation scenario could be given by a set of Ês/Noc values (
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, 
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, 
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).
At the UE locations along the dashed lines while assuming cell ID set (0, 1, 2), the Ês/Noc values of two cells could be assumed to be the same, while Ês/Noc of the third cell could vary. The third Ês/Noc would correspond to the serving cell in one case (along the left dashed line) and to a neighbour cell in the other case (along the vertical dashed line).
[image: image7.emf]
[image: image5]
4. Further Details on Link-Level Assumptions for Defining RSTD Requirements
In addition to the link-level simulation framework description in [1], a set of performance metrics and a table with initial assumptions have also been presented in the same contribution. The proposed assumptions, with a few more details added, are summarized in Table 1. Below we further develop the link simulation framework.
For each given setup (e.g., set of cell IDs, Ês/Noc values, and transmit time offsets), the simulations are to be conducted for multiple snapshots to collect enough statistics. In particular, for each measured neighbour cell, RMS timing error versus Ês/Noc and RSTD error statistics are to be collected.
The 90th percentile in CDF of the RSTD error metric will then be used for deriving the RSTD accuracy requirement. UE implementation margin due to imperfections and other UE implementation limitation are to be added to the derived results when setting the final RSTD accuracy requirements.
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), 
(0, 6, 12)

	Network synchronization
	· Synchronous

· Asynchronous with partial alignment

	Duplex modes
	FDD and TDD

	TDD specific parameters
	Uplink-downlink configuration
	1

	
	Special subframe configuration
	6

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	UE speed
	· 3 km/h

· 30 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,  values are TBD

	Ês/Noc for three cells, [dB]
	(-13,-13,-13),
Other combinations are TBD

	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	Number of receive antennas
	2 equal-gain uncorrelated antennas

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

full or partial alignment

	Number of consecutive positioning subframes
	1, 2, 4, 6,

non-coherent accumulation

	Number of positioning occasions for a positioning fix
	1

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

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth

	L1 measurement period, [ms]
	200


As a note, it is also important to remember that a small RSTD error for a neighbor cell does not immediately imply high positioning accuracy since the UE actual position may be anywhere along the RSTD contour (see Figure 2), i.e. the RSTD measurement may have a hidden error. With good network geometry, the error can typically be resolved with an RSTD measurement for the other neighbor base station (see Figure 3).

5. Summary

We have discussed connection between the link- and system-level simulation frameworks as well as some aspects on RSTD accuracy.

We have also proposed link simulation assumptions for the RSTD measurement accuracy requirements. It is proposed that initial results are provided in the next RAN4 meeting. 
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Figure 3. RSTDs from different base stations.
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Figure 2. OTDOA hyperbola contours.
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Figure 1. A proposed setup for link-level simulations.
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