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1 Introduction

In [1] and [2], a way forward and initial simulation assumptions have been agreed. However, the current error models seem to be oversimplified and based only on measurement errors without capturing any effect of propagation prediction errors which in reality is a major source of inaccuracy for RFPM-like techniques.
In this contribution, we discuss issues related to modelling of propagation prediction and timing measurement prediction. Based on the discussion, some updates to the initial assumptions are also proposed. It is also proposed to use RSRP measurements as a baseline set of RFPM measurements, which is a classical RFPM approach, rather than assuming that all possible LTE measurements (including those specified for other positioning methods) are readily available for a UE.
2 Baseline RFPM Measurements
RFPM is a positioning method under evaluation in the study item “Inclusion of RF Pattern Matching as a positioning method in the E-UTRAN”, where the RFPM performance should be compared to the existing positioning methods in E-UTRA and a competitive method, AECID (e.g., [3]), which builds upon the existing E-CID signaling but uses a more advanced position calculation approach though does not require any additional standardization.
It is worth noting that in practical implementations, also hybrid positioning approach is widely used, which allows for using together measurements that are typical for different specific positioning methods, e.g., AECID or OTDOA may be hybridized with A-GPS. Various hybrid methods exist and they do not require standardization.

The following positioning techniques have been selected for RFPM benchmarking:

· E-CID positioning refers to techniques which use additional UE and/or E‑UTRAN radio resource related measurements to improve the UE location estimate. Various techniques exist to use these measurements to estimate the location of the UE, and thus specific techniques are left to the implementation [4]. The following measurements may be used for E-CID:

· UE measurements: RSRP, RSRQ, UE Rx-Tx,

· E-UTRAN measurements: eNodeB Rx-Tx, TA Type 1, TA Type 2, AoA.

· AECID is an advanced non-standardized implementation which builds upon E-CID. AECID fuses geographical cell descriptions (corresponding to CIDs) and any available measurements such as those collected with E-CID signaling (e.g., RF signal measurements, timing measurements, and direction measurements). The method replaces the radio property prediction software and the surveying by a self-learning mechanism which exploits collected measurements associated with high-precision positions (e.g., GPS, A-GNSS or OTDOA).
· OTDOA is a positioning method based on the multi-lateration technique. The method uses time difference of arrival measurements (RSTD) performed by the UE on signals transmitted from multiple sites. Support of OTDOA positioning is optional.
RFPM is a positioning technique which primarily exploits received signal strengths (RF fingerprints) from multiple cells and finds UE’s location by matching the combination of RF fingerprints to a given map obtained by predictions and/or driving tests. Similar to AECID and hybrid positioning, RFPM may also use other available measurements. In [2], the set of measurements for RFPM may also use RSTD and AoA, which makes RFPM dependent both on OTDOA and rather advanced antennas. It is also noted that UE Rx-Tx measurement is not a mandatory measurement either and has currently low support/availability.
· Proposal 1: The baseline set of RFPM measurements should be RSRP measurements only.
3 Measurement Prediction Error vs. Measurement Accuracy
Measurement accuracy describes a deviation of a measurement result in real environment from the true measurement which would be obtained in an ideal environment being not subject to such effects like fast fading or multipath.
Measurement prediction, however, is based on a model, and the measurement prediction error is thus a deviation of a real measurement from a predicted value. This is very different from the measurement accuracy. Thus the errors for measurement prediction and measurement accuracy are in most cases different.
In real environments, the prediction can be pure theoretical or experimental calculation or based on driving test results. Training the system is another approach. In practice, using a database with measurements obtained from driving tests is very common and typically allows for getting a higher accuracy compared to purely theoretical models. These results would still, however, need to be complemented with model-based predictions since driving tests are not possible to conduct at every potential UE location. Thus, the collected measurements from driving tests can be used to correct a pre-defined propagation model by taking into consideration additional factors, e.g., terrain, frequency band, antenna characteristic, diffraction, etc. 
A realistic prediction error model for RSRP measurement would need to take into at least the following factors:

(1) Typical RMS values range in 6-10 dB. From engineering viewpoint, a higher value is also possible in the field.

(2) The statistical distribution of the prediction errors is often terrain-specific, thus the calculated RMS based one driving test results is often optimistic because driving test is normally on-road which is not always statistically representative.
(3) The propagation characteristic and the errors are also cell-specific, not only area-specific.

(4) For cells with non-uniform terrain/environment type, the actual prediction error is expected to be large, e.g., indoor vs. outdoor, street canyon vs. a square.

(5) Networks are changing and optimized, which makes developing and using complex prediction models inefficient. Any change in radio coverage or a parameter tuning can make the prediction inaccurate or invalid or can corrupt the positioning database with measurements collected via driving tests which are costly and time consuming.

The sources of prediction errors may also depend on the measurement type, e.g., the prediction errors for a timing measurement, in addition to the multipath propagation effects, should also capture
(1) Systematic timing error due to, e.g., base station RF path or baseband processing delay, which is not known at a positioning server or UE,
(2) Timing measurements, e.g., UE Rx-Tx, are not reliable when RRH/RRU is used.
4 Examples of Propagation Prediction Error Sources

In Figures 1, 3, and 5 we illustrate three scenarios and the driving routes along which RSRP measurements were collected:
· Example environment A: Typical Urban, high buildings with canyons,

· Example environment B: Typical Suburban, fairly wide streets with low buildings, 

· Example environment C: Typical Suburban, same area as above, but for a different cell.

The measurement results are shown in Figures 2, 4, and 6, respectively, where also the inefficiency of a basic fitting approach is illustrated. Foe comparison: the current assumption in the last-meeting results provided by companies is RMS of 3 dB for RSRP.

For the example environment A, in Figure 2, the RMS residual error is 14.7 dB which is mainly due to propagation model mismatch. For such case, prediction is hard to be accurate, unless a very sophisticated model is employed.

For the example environment B, in Figure 4, the RMS error is 9.7 dB.
For the example environment C, in Figure 6, the RMS error is 11.6 dB with an obvious model mismatch, for the same environment as in Example environment B, however, with a very different propagation characteristic.
· Proposal 2: Define a reasonable error model for at least RSRP measurements, while taking the above aspects into consideration.

· Proposal 3: Use RMS of at least 8-10 dB to characterize propagation prediction error for RSRP.
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Figure 1. Example environment A, Typical Urban (high buildings with canyons).
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Figure 2. Propagation prediction: measurements vs interpolation for Example environment A (RMS error is 14.7 dB).
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Figure 3. Example environment B, Typical Suburban (fairly wide streets with low buildings).
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Figure 4. Propagation prediction: measurements vs interpolation for Example environment B (RMS error=9.7dB).
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Figure 5. Example environment C, Typical Suburban (same area as in Figure 3, but a different cell).
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Figure 6. Propagation prediction: measurements vs interpolation for Example environment C (RMS error is 11.6 dB).
5 Summary

Based on the discussion above, the following is being proposed:
· Proposal 1: The baseline set of RFPM measurements should be RSRP measurements only.
· Proposal 2: Define a reasonable error model for at least RSRP measurements.

· Proposal 3: Use RMS of at least 8-10 dB to characterize propagation prediction error for RSRP.
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