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The study item [1] description has identified three major areas of potential enhancements of user equipment (UE) positioning
1) Accuracy
2) Integrity and 
3) Reliability.
A UE may be equipped with multiple independent technologies to deliver measurements or position estimates. While the use of multiple technologies may enhance accuracy and reliability, this causes significant measurement, control-signaling and reporting overhead. At the same time, activating multiple systems on a UE causes unnecessary power consumption even without added value. 

The current LPP protocol allows the UE capabilities to be queried and the location server may make use of UE capabilities to request measurements from one or more technologies available. However, the availability of a technology at a UE does not necessarily mean that the information it delivered is reliable or even useful. A key question to ask is: does the current procedure enable choosing the best method(s) at a given time while taking factors such as minimizing overhead, latency and power consumption (especially at the UE) into account? 

Accuracy and reliability of UE positioning depend on static and situational characteristics. The static characteristics are generally the capabilities of a UE and remain the same irrespective of where the UE is temporally located. For example, the cellular positioning methods supported by the UE and other RAT-independent technologies available at the UE (such as GNSS or inertial measurement unit (IMU) sensors) remain the same for a given UE. By contrast, the situational characteristics of a UE change both spatially and temporally. For example: the number of GNSS satellites visible to a UE, the number of transmission and reception points (TRPs) having line of sight (LOS) scenario with the UE and so on vary depending on the user location.  It makes no sense to report GNSS measurements if the UE finds itself in the basement of a building or to request TDOA measurements if the UE can measure signal from only one or two TRPs.

It is thus clear that the best choice of mechanisms to derive the location information from depends on situational factors. It would therefore be beneficial if the UE could signal the instantaneous quality of different technologies in a compact form to the location server, so that the location server may request measurements only from a subset of technologies available at UE in order to optimize accuracy, reliability and latency.

Observation 1: The best technology to be used for positioning of a given UE depends on UE capabilities and on environment (situational) dependent parameters.

Proposal 1: Enable UE to signal the instantaneous quality of different technologies in a compact form to the location server, so that the location server may request measurements only from a subset of technologies available at UE in order to optimize accuracy, reliability and latency. 

The rest of the contribution is structured as follows: in Section 2.1, we discuss reporting the static parameters of a UE as capability reporting, in Section 2.2, we discuss reporting of temporal characteristics which affect the positioning methods we use for obtaining location information to allow the network to make an optimal choice.

Reporting of quality of measurements 
The reliability of measurements depends on (i) capabilities of a UE device, and (ii) situation the UE finds itself in, which suggests what is the best technology to use in this scenario. As an example, multi RTT may offer better performance than GNSS receiver in the basement of a building.

A key point to note is that reporting measurements from all available technologies is inefficient because first, it is power inefficient due to huge effort to do measurements, processing and signaling for all, second, reported single measurements do not translate into accuracy or reliability improvement if the quality of a measurement is not better than quality of those from other methods or it if it does not have any other complementary characteristics (e.g. a different update rate). Third, it becomes increasingly difficult to support larger number of UEs in a system if the reporting is not optimized. 

An example of a set of parameters of UE capabilities and situational quality (environmental factors) is presented in Table 1. Some of these parameters could change faster than others and by avoiding reporting unnecessary measurements, we could save network resources and battery life of an UE. 

[bookmark: _Ref47439486]Table 1: Analysis of static and dynamic parameters affecting positioning
	Technology
	UE capabilities
	Situational Quality
	Lifetime

	GNSS
	GNSS modes, GNSS signals
	Number of available Satellites, Propagation, Environment,
DOP, …
	Medium, dependent on movement within environment

	IMU
	 Sensor capabilities, such as displacement reporting
	Movement type
	Long (independent of environment)

	DL-TDOA
	Number of DL RSTD measurements per pair of TRPs
	DOP, Environment, …
	Medium, dependent on movement within environment

	UL-TDOA
	…
	…
	..

	…
	…
	…
	…



[bookmark: _Ref47361275]Reporting of device capabilities
A UE could be equipped with multiple technologies – GNSS receivers, IMU sensors,  RAT technologies with certain capabilities, and so on. These parameters are generally the UE capabilities and do not change over time and are reported to the network at the beginning of a positioning session or even during registration. 

[bookmark: _Ref47361277]Reporting of situational quality
A UE may be equipped with a GNSS receiver but reporting the measurements while the UE is located in an underground floor of a building or in a tunnel only consumes bandwidth. In such scenario, a simple technology such as ECID or multi RTT may deliver better results. In other words, it is beneficial that the UE reports the instantaneous situation about the quality of the positioning technologies it is equipped with before the network requests measurements. Situational quality could involve the number of TRPs visible to the UE, the number of satellites visible to the UE, the signal quality of different links, the DOP of anchor points (e.g. satellites, TRPs, WLAN access points … etc.) and so on. Note that the situational requirement of accuracy may also change depending on where the UE is currently located. 

To illustrate this problem, we highlight an example positioning session where a UE moves from waypoints 1 through 6. At waypoint 1, the capabilities are retrieved and the UE has reported that it can provide DL-TDOA, RTT and GNSS measurements. At point 1 and 2, the UE has best GNSS coverage and an acceptable number of TRPs where it can make TDOA measurements. As the UE goes indoors, it gradually loses the GNSS coverage but enters a region where deployed TRPs are densified. Further along the path, there is a dense coverage of TRPs which enables the UE to make RTT measurements but they may not have tight synchronization to allow TDOA. Finally, it may emerge outside and the coverage may become good for TDOA and finally GNSS again. 

It is evident that different technologies need to be triggered at different times for an optimal use of resources for positioning. 

A feedback from the UE about which of the technologies are currently best from the UE perspective can be reported to the network. The network can then reconfigure the UE to start or stop measurement reporting for a given technology.
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Figure 1: Depiction of different positioning technologies and their relative reliability as the UE moves in space.


A UE could be triggered by the network to report the situational quality – on demand or on a regular basis (aperiodic, periodic or semi-persistent). Alternatively, the UE could trigger reporting by itself. For example, a situation quality change report could be triggered where the quality of GNSS becomes lower than a threshold or quality of TDOA becomes better  than a threshold. This means, the location server has a means of obtaining the current situation at the UE (without explicit measurement reporting) and trigger measurements only from the technologies it can deem useful. This simplifies measurement processing at the location server,  reduces signaling overhead, improve delay and  reduce UE power consumption.

Observation 2: Providing the network with information on the situational quality of a given NR positioning method within a changing environment reduces the signaling overhead and the latency. 

Proposal 2: Study the procedure and signaling to enable situational quality reporting of positioning methods in Rel-17.

Conclusions
Observation 1: The best technology to be used for positioning of a given UE depends on UE capabilities and on environment (situational) dependent parameters.

Proposal 1: Enable UE to signal the instantaneous quality of different technologies in a compact form to the location server, so that the location server may request measurements only from a subset of technologies available at UE in order to optimize accuracy, reliability and latency. 

Observation 2: Providing the network with information on the situational quality of a given NR positioning method within a changing environment reduces the signaling overhead and the latency. 

Proposal 2: Study the procedure and signaling to enable situational quality reporting of positioning methods in Rel-17.
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