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1. Introduction

This document highlights inconsistencies present for positioning reporting on various interfaces present in the current specifications both for UTRAN and for GERAN. It specifically highlights problems related to UE based A-GPS, but the issue is general to most positioning methods. The intention is to raise the issue in the RAN groups and if it is concluded to be a problem to progress the work in the groups responsible for the concerned specifications. Especially SA1 and SA2 need to be informed and guidance on potential solutions for UTRAN and GERAN need to be provided from them.

The problem discussed here has been pointed out before [1]. Little progress has been made since the presentation of [1] though, and with the rapid acceptance of e.g. A-GPS in the market, the issue has become even more important lately. 

2. Discussion

In this paper we focus this discussion on RANAP and RRC but there is also an impact on, e.g., PCAP [6, 7]. If it is a common understanding and it is concluded that this is a problem, it should be corrected for in all interfaces where positioning information is carried. However, it is proposed to start the work as a RAN internal activity.
2.1. General problem

There are on a general level two main problems. To describe the first main problem, it is noted that the position uncertainty information that accompany the reported positions (over RRC, RANAP and between the CN and end users) can consist of two parts:

1. A geometrical shape, 
e.g., an ellipsoid, whose size reflects the position uncertainty

2. A Confidence,
i.e., the estimated probability that the terminal is located within the position uncertainty shape

The first problem arises since there is currently no requirement that the two parts (1 and 2) are consistently reported. As an example, an A-GPS terminal is normally able to compute a covariance matrix that forms an estimate of the positioning uncertainty. The covariance matrix can then be transformed, e.g., to a 2-dimensional ellipse. In this case, it can be proved that the Confidence (i.e. the probability that the terminal is located within the ellipse around the reported position) is 39%. But the terminal is not required to report 39% in this case, any value between 0 and 100% is allowed. As a consequence, some terminals may not treat the full problem and may write more or less arbitrary values in the Confidence IE.

To describe the second main problem, it is noted that when the CN requests a UE to be positioned, it sets requirements on the positioning accuracy in terms of the radius of an uncertainty circle. However, the statistical meaning of this radius is not defined by any probability that the terminal should be within the specified circle, e.g., 67%. Also, there is no Confidence IE included in the RANAP LOCATION REPORTING CONTROL message that could give this information.

To understand the severe problems that can be caused by these two problems, a simple end-to-end user application is described. The end user is a gaming application that makes use of high accuracy positioning. This application is billed whenever the daily averaged positioning inaccuracy is less than 50 meters in 67% of all cases (normally fulfilled by A-GPS). Worse inaccuracies are considered useless and are not paid for by the user. 

The chain starts by a request for a position from the end user to the CN. The CN reacts by sending a LOCATION REPORTING CONTROL message over RANAP with the IE 'Horizontal Accuracy' equal to 50 meters. The RNC of the RAN does not know the requested confidence of the request and has to assume a value. Here it assumes 95%. The RNC then proceeds by ordering an A-GPS positioning from the terminal. The terminal performs the positioning with good performance so that the actual inaccuracy (with respect to ground truth) of the reported positions is actually within 50 meters. The typical uncertainty reported by the terminal is an uncertainty ellipse with major axis about 30 meters. The terminal does however not compute a consistent Confidence, but always includes the value 0. When the RAN receives the report, it needs to rescale the ellipse to correspond to the 95% value it assumed for the Confidence over RANAP. Since 0 was reported over RRC, the RNC assumes a low value for the Confidence, say 10%, to avoid a division by zero. When the uncertainty ellipse is scaled from a 10% Confidence to a 95% value, the size of the semi-major increases substantially, say by a factor of 2.5, thereby resulting in a typical reported uncertainty over RANAP that corresponds to about 75 as measured by the semi major axis.

The overall result is that the performance measure that controls the billing of the application shows that the performance is too poor for billing. However, the positions that are reported are perfectly OK for the application, which can subscribe to the positioning service for free. Note that this effect is caused by a combination of two problems in the specifications:

1. Inconsistent reporting of Confidence and uncertainty shape is allowed today.

2. The interpretation of the accuracy requirement over RANAP is not specified/no Confidence IE exists in the LOCATION REPORTING CONTROL message.

2.2. Status in 3GPP specifications for RAN

In RRC the terminal may use one of five formats for reporting a positioning estimate; three of these formats contain un-certainty information in terms of an uncertainty ellipse, an uncertainty ellipsoid or an uncertainty circle. The confidence value is part of the reported format for the ellipse and ellipsoid uncertainties.

Positioning accuracy requirements are also signalled from the CN over RANAP [3] for UMTS, where this information is used to set requirements on the positioning accuracy on the RAN. For UTRAN the RANAP LOCATION REPORTING CONTROL message carries this information, in the IEs ‘Horizontal Accuracy’ and ‘Vertical Accuracy’. The uncertainty information received from the UE can be forwarded to the CN over RANAP [3], using the LOCATION REPORT message. Note that the required positioning accuracy signalled over RANAP in the LOCATION REPORTING CONTROL message is always given as an uncertainty circle, or more precisely, as a code expressing the radius of an uncertainty circle. No confidence value is included in the LOCATION REPORTING CONTROL message.
Understanding that the RAN receives positioning accuracy requirements from the CN and positioning estimates with joint uncertainty estimate from the terminal, it is clear that the RAN normally can exploit combinations of the available information to:

· Select positioning method

· In case the required accuracy is not met by a certain confidence, possibly order a renewed positioning with the same or a different positioning method

The crucial point here is that in order to compare the required and the measured accuracy, a transformation between uncertainty shapes may become necessary. It is, e.g., necessary to transform an ellipse or an ellipsoid to an uncertainty circle, in order to see if the QoS requirements have been met. Such a transformation is normally done so that the probability that the terminal is in the indicated ellipse/ellipsoid (the reported confidence) attains another specific value when accuracy is transformed to the corresponding uncertainty circle. 

In this context North-American emergency positioning requirements (E-911) are particularly important. This is because the only allowed reporting format to the PSAP is the "Point With Uncertainty Circle" – hence a transformation in the RAN is a requirement. Note that the probability value for E-911 is normally high (e.g., 95%).

The following statements that relate to the computation of the Confidence have been found in 3GPP specifications:

· 23.032 [5] “The confidence by which the position of a target entity is known to be within the shape description (expressed as a percentage) is directly mapped from the 7 bit number K, except for K=0 which is used to indicate 'no information', and 100 < K ( 128, which should not be used but may be interpreted as 'no information' if received.“

· 25.331 [2] in section 8.6.7.19.1 the following sentence “…should try to achieve the requested level(s) of positioning accuracy with 67% confidence” could be found.

The conclusion from what is stated in the current specifications is that there are no firm requirements on how the Confidence value shall be related to the reported uncertainty. As a consequence, any terminal behaviour may be encountered. A fact that leads to severe positioning reporting problems, as discussed in the sections below.

2.3. Detailed Problematic examples

On detailed level, with the current set of specifications in 3GPP, Ericsson sees the following problems:

1. Confidence value "0"
Ellipse/ellipsoid reported with confidence value "0" appears to be formally allowed. However, it is not a consistent behaviour for a terminal. In case an uncertainty measure is reported, then the probability that the terminal is inside the indicated region cannot be "0".

This behaviour leads to problems in the RAN on transformation between uncertainty shapes. E.g., in case RAN receives "Confidence=0" together with an uncertainty ellipse/ellipsoid, this should according to 23.032 [5] be interpreted as "no information", but anyway an uncertainty shape is included. For transformation to, e.g., an uncertainty circle, RAN could then either assume a very low confidence, which would result in very large uncertainties or a larger value which would in fact not be according to the confidence that the mobile achieved (which however, is unknown to RAN).

If this is reported as a response to an emergency positioning, the complete position format can also be forwarded over RANAP to the CN, in the LOCATION REPORT message, and then the CN may have to decide what to do. Note that such decision may have strong commercial and legal impacts. E.g., it would be difficult to charge for a service, when it is unknown if one reached a minimum level of quality for the service.
2. Inconsistently computed/reported confidence
Ellipse/ellipsoid reported with confidence value different from "0" but inconsistently computed/reported.
There is no requirement that the confidence included is actually the mathematical confidence from the estimate.

Currently there are no firm requirements in place on how the confidence should be calculated. This means that different mobiles could do this in very different ways and to different extent. This leads to that the result may be a too large uncertainty circle. This error in the information may affect E-911 reports and CN functionality like billing systems as outlined in section 2.1 of this document.
3. Confidence for Point with uncertainty circle
Currently there is no confidence value for the format "Point With Uncertainty Circle" in RRC [2] or RANAP [3].
Because of this, RAN has to assume a value for the E-911 reporting and for the RANAP reporting. Note that by not modifying the reported uncertainty, the RAN actually makes a passive interpretation of the confidence value; different for each service where the value is used. The lack of information may affect E-911 reports and CN functionality like billing systems. The problem comes from the GAD specification that is referenced. In GERAN there is a pointer to the GAD specification and in RAN3 there is a duplication of the information in RANAP.

4. Confidence for Location reporting control
Currently, there is no confidence value in LOCATION REPORTING CONTROL accuracy requirements over RANAP [3]. This makes a stringent implementation of fulfilling the request from CN impossible in practice.

3. Example solutions

These are variants and examples of solutions to illustrate how corrections would look like, but the main intention with this paper is not to propose exactly these changes.

The following corrections would be needed to target some of the above listed problems:

1. Confidence value 0

a. Clarification on what the interpretation should be for confidence value "0" in RAN.

b. In a later release put a requirement on the terminal related to inclusion of value "0" in a report.

2. General clarification on confidence and how it should be calculated/created in the UE/RAN and used in the RAN.

3. Addition of a confidence to be used together with the shape "uncertainty circle".

Possible Impacts on UTRAN specifications

Correction 1a would be to add a sentence in RANAP [3] stating: "If the UE reports a confidence value equal to "0" or equal to or grater than "100", and the UE at the same time includes an uncertainty ellipse or uncertainty ellipsoid, RAN should apply a value equal to the 1 sigma value of the uncertainty shape" 

Correction 1b should be added to RRC [2] related to how the UE creates the measurement report and the inclusion of the confidence IE. The following sentence should be added "In case the UE includes an uncertainty ellipse or an uncertainty ellipsoid in the MEASUREMENT REPORT message sent by the UE, the UE shall include a Confidence value different from '0' or '100'. (A value equal to '0' or greater or equal to '100' means 'no information' according to 23.032)."

Correction 2 should be added to RRC [2] related to how the UE creates the measurement report. The following sentence could be added, "The Confidence shall be calculated from the position uncertainty information measured by the terminal and it is the probability that the UE is within the reported uncertainty shape. E.g., in case the uncertainty information is represented as an ellipse, the Confidence shall be calculated as the mathematical probability that the terminal is located inside the 2-dimensional ellipse, disregarding altitude. In case the uncertainty information is represented as an ellipsoid (ellipse + altitude uncertainty), the Confidence shall be calculated as the mathematical probability that the terminal is located inside the 3-dimensional ellipsoid."

Correction 3 should be added to GAD [5] to introduce a new confidence IE as an extension for this shape, together with the following text: "In case the uncertainty information is represented as an uncertainty circle, the Confidence shall be calculated as the mathematical probability that the terminal is located inside the 2-dimensional uncertainty circle".

4. Proposal

Ericsson proposes that the group discuss the problems outlined in this document and conclude that there is an issue that need to be solved. It is proposed that work is started within RAN to define an agreed solution to the problem.
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