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1 Introduction

In [1], we discussed error modelling for reference points used for matching to a location with RFPM positioning approach. In this contribution we present simulation results, accounting for these errors and also measurement errors. We also discuss the hearability issue of reference signals currently used for RFPM.
2 RFPM Simulation Results
As has been discussed in [1,2], the accuracy of RFPM techniques, in addition to measurement quality, also depends on the quality of the reference measurements or estimates that are used for mapping of the received measurements. A realistic error model which can reflect major error sources is therefore necessary for realistic accuracy evaluation. The following errors (further referred to as prediction errors) were discussed in [1]:

1. Prediction model mismatch
Normally a model (e.g., a propagation model) is selected for predicting/estimating the signal strength distribution of a target area. However, the selected model is not always optimal. The terrain and building characteristic may vary a lot from place to place. The recommended mismatch probability, seen in practical deployments, is 10% with prediction error of 13dB RMS.

2. Model fitting error

For a target area that uses an appropriate model for signal strength predicting/estimating, field collected measurement data can be used to correct the model in order to better approximate the actual trend. Such correction has a residual error or typically 6~9dB RMS. The recommended value for simulations could be around 7.5dB RMS. 

3. Measurement error

For both field measurement collection and positioning, a measurement reported by terminal is normally with an error which is not negligible [TS 36.133]
4. Body impact

The signal strength is also impacted by user gesture e.g. the terminal is handheld or in pocket i.e. spatial relation between terminal and user body. The impact includes:
· Radiation efficiency: User body and terminal antenna impact each other’s characteristic and also radiation efficiency of terminal due to near-field effect. 
· Antenna pattern: Antenna pattern is normally terminal-type dependant and essentially not omni-directional, especially considering near field effect.

Error of 5dB RMS is recommended to reflect the micro-environment impact.

5. Terminal carrier

Additional variance is expected due to end user’s behavior, e.g., user is car-driving or bike riding. A conservative recommended error is 2dB RMS.
In Figure 1, we provide simulation results, based on simulation assumptions in [3] but also including the five prediction errors with recommended values as listed above. The position calculation is based on CID+TA measurements for the serving cell and RSRP measurements for the serving and neighbor cells with SINR≥-6dB.

It is observed that the major impact on the positioning result accuracy is caused not by to the added prediction errors but  is due to the hearability issue, which is discussed further in the next section.
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Figure 1. Positioning result accuracy with modelled measurement and prediction errors.
3 The Impact of Reference Signal Hearability on RFPM Result
Reference signal strength measurements are often used for E-CID, including RFPM-based positioning. In fact, only RSRP and RSRQ measurements may be reported by a UE for non-serving cells, whilst UE Rx-Tx is currently limited to the primary cells only. To ensure a reasonable positioning quality with E-CID, it is important to have measurements for multiple cells for which good hearability of reference signals from multiple sites is necessary. Currently, only PRS signals transmitted in positioning subframes were specifically designed for positioning to ensure good hearability, whilst common reference signals (CRS) in data subframes are originally not intended for measurements from many sites and thus have worse hearability.
Poor quality of reference signals have several impacts causing positioning quality degradation, e.g.:
· Low measurement accuracy,

· Low signal detection probability,
· Fewer measurements that can be used for matching to a location and thus increasing positioning uncertainty.
Figure 2 shows the quality of reference signals for 5 strongest cells in data subframes and positioning subframes. As expected, the best hearability have PRS signals (Figure 2c) where 90% of UEs see more than 5 cells with SINR>-6 dB. This can be compared to Figure 2a, where 20% of UEs hardly see 2 cells with SINR>-6 dB.
Figure 3 illustrates how much positioning accuracy can be improved when positioning error with RFPM based on CRS received power measurements in data subframes is compared with PRS received power measurements in positioning subframes. In Figure 3, no prediction errors were assumed. 

Another potential advantage with positioning subframes is that received signal quality measurements are likely to be more stable than those in data subframes where the load varies.
4 Summary

We have presented simulation results for RFPM. Based on the results, we  propose the following:

· Include the five prediction errors analyzed above and used in the simulations

· Consider performing signal strength measurements in positioning subframes to improve the signal hearability from multiple cells and thus improve also the positioning accuracy.
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(a): CRS signal hearability in data subframes.
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(b): CRS signal hearability in positioning subframes.




(c): PRS signal hearability in positioning subframes.

Figure 2. Reference signal hearability: SINRs of 5 strongest cells.
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Figure 3. Positioning accuracy improvement with measurements in positioning subframes.

