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1 General
I current release of the specifications the location information reported in MDT logs and RLF  failiure report may consist of Detailed location information [2], [3]. The location information is obtained by either GNSS or other positioning methods and is included, if available, in the UE when the measurement was taken. 
The detailed location information consist of latitude and longitude and, depending on availability, altitude. The detailed location information is reported only once during a measurement period/configuration validity. If the detailed location information is obtained by GNSS positioning method, GNSS time information is also included. 
For both event based and periodic reporting the detailed location information is included if the report is transmitted within the validity time after the detailed location information was obtained. 
Since the accuracy and validity evaluation of the positioning estimate is largely up to UE implementation, e.g. GNSS, or bound by measurenmet performance, e.g. OTDOA[3], there exist currently an uncertainty at the reciving end on the quality and usefulness of the positioning estimate. It is thus useful to look at improvements that may enable the NW to have a better knowledge of the quality of the positioning estimate recived in e.g. MDT or RLF failiure reports.

In 3GPP specifications a generic location report is expected to (re)use the same format irrespective of the positioning method used; while fields, for example timing, may optionally be added depending on the positioning method. It can thus be assumed that additions to exsiting fields in location information reporting can be reused and extended with additional information such as uncertainty and confidence. For MDT this is true for both LTE and UMTS.
2 Positioning formats and positioning methods for MDT’
General
In a 3GPP network, a positioning result is represented by one of the seven Universal Geographical Area Description (GAD) shapes as listed below:

o
Polygon,

o
Ellipsoid arc,

o
Ellipsoid point,

o
Ellipsoid point with uncertainty circle,

o
Ellipsoid point with uncertainty ellipse,

o
Ellipsoid point with altitude,

o
Ellipsoid point with altitude and uncertainty ellipsoid.

The formats are common for all 3GPP-compliant networks (e.g., GSM, UMTS, and LTE). Which format that is used depends on the positioning method and on the reporting capabilities at the receiving end. It is commonly known that the accuracy of several meters is likely to be achieved, though still not guaranteed, with GNSS positioning in satellite-measurement friendly environment. However, it is well-known that the satellite-based positioning performance may significantly degrade in some environments such as urban canyons and indoors, even though GNSS may still be used even in these cases. Therefore, for MDT, positioning results provided by other positioning methods [3], e.g., OTDOA, E-CID, fingerprinting, and hybrid positioning, are of a high importance. Another factor arguing for the possibility of using other positioning methods than GNSS is the UE power consumption aspect.

Confidence and uncertainty of a positioning result
It is a common practice to adopt a statistical description of the positions of terminals. Therefore, most of the formats include both the uncertainty and confidence information, and both information types are in most cases are available with positioning and provided as a part of the positioning result. One of the reasons for the latter is that according to FCC requirements, carriers must provide confidence and uncertainty data for all 911 calls at an emergency request.

Confidence and  Uncertainty as used in the previous can be defined as follows:
· Uncertainty: The location uncertainty is the uncertainty of coordinates of a point, in meters, a specified confidence level. The uncertainty is typically represented by a GAD shape area, e.g., circle or ellipse.

· Confidence: The confidence, i.e. the probability that the terminal is located in the interior of the reported uncertainty region is used to describe the statistical error.

The confidence and uncertainty levels are tightly connected to each other. Further, converting from one combination of the (uncertainty,confidence) is mathematically possible (compare e.g. Figures 1a and 1b), but in practice this may lead to introducing additional errors in the UE position information, which makes it preferable to use the original combination of the (uncertainty,confidence) associated with the positioning result. It is also known, that in practice different positioning methods may have different typical confidence level ranges, which is also highly subject to the implementation. 

Comparing Figures 1a and 1c, one can observe that the two positioning results with the same uncertainty (same area) may actually be quite different if they were derived with the same confidence level (compare Figures 1b and 1c). 

The end result of using logs with inadaquete accuracy, for example when performance maps are generated based on logs, is that the maps become less accurate and “blurred”. This can be seen in the difference in the ellipse sizes in Fig. 1a and Fig. 1b: if the difference is e.g. in the order of 50 m, this may be quite significant.
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GNSS location information

As mentioned in Section 2.1, GNSS typically provides accurate UE position, which, however, cannot be guaranteed in all cases and all environments; in some scenarios, the GNSS accuracy may actually be even worse than that can be achieved with other positioning methods.

It should also be noted that a UE may require considerable time for the first GPS positioning. Etimates may be with warying accuracy depending on implementation (i.e. what result is delivered) and the update frequency.
In all this may result in that some level of accuracy, or accuracy information, is beneficial also for GNSS positiong estimated reported in e.g. the MDT report.
Observations
Observation 1: Using a positioning result for MDT with the uncertainty information but without the confidence information may lead to large errors in practice and there is a high risk of a higher complexity of data processing and also misinterpreting the position information in the network.

Observation 2: Without both the confidence and the uncertainty information, it is more difficult to classify positioning results into accurate and not accurate/less reliable, which otherwise could significantly benefit managing the measurements collected with MDT.

Observation 3: Inaccurate positioning, which may also occur with GNSS positioning, may degrade the benefits with MDT.

Proposal 1 Include both confidence and uncertainty information, when available, in the positioning results collected with MDT.

3 Conclusion and Proposal
Detailed location information as provided with e.g. MDT and RLF failiure reports currently come with uncertailty w.r.t to the provided accuracy. In order to provide better means for the NW to asess the providedlocation  information added to logs, it is proposed that:
Proposal 1
Include both confidence and uncertainty information, when available, in the positioning results collected with MDT.
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Figure 1c: Location of UE2 with the same-size uncertainty ellipse as UE1 but with a higher confidence level, e.g., 95% confidence.





Figure 1b: Location of UE1 with an uncertainty ellipse at a confidence level 95%.





Figure 1a: Location of UE1 with an uncertainty ellipse at confidence level 60%.



















































































































































































































































