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1	Introduction
In RAN2#121 it was agreed to work on solutions which fulfills the requirements from SA1/SA2 with respect to the latency.
· RAN2 will work on a solution that ensures that location verification can be completed within a period of approximately 1 minute maximum and 30 seconds preferably.

However, the WID also states that multiple satellite case should not be precluded.
Agreement 2.1
RAN to start a normative phase on network verified UE location.
Note: network verified UE location is an optional UE feature
Agreement 2.2 (normative objectives – core part)
Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.
Agreement 2.2bis (normative objectives – clarification notes part)
Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
This paper discusses the timing aspect of the location verification procedure
2	Discussion
In general, one of the problems with triangulation methods is dilution of precision, i.e. the dependency between separation of the measurement points and precision. With the approach of using only a single satellite, the measurement samples that are available will be located on a single line which is described by the satellite’s path during the fly-over. This reduction of the “space” when limiting to a single satellite monitoring will reduce the general accuracy. On top of this, the current main assumed methods of multi-RTT and DL/UL-TDOA will be solely based on a rough estimation of the round trip time between the UE and the satellite. Such estimation is relying on the propagation delay or round-trip delay being mapped into a distance travelled for the radio signal. One factor of importance is the configured periodicity of the RTT measurements reports from the UE, since this will be a factor contributing to the accuracy.
Observation 1: One factor of importance is the configured periodicity of the RTT measurements reports from the UE, since this will be a factor contributing to the accuracy.
When just one satellite is used the question can be asked whether one cell is used or multiple cells. In case of Earth Fixed Cells (EFC), and ignoring UE movement, the UE may only be connected/camping on a single satellite during the fly over of that satellite. However, if the system is using Earth Moving Cells (EMC) or the UE is moving a UE maybe connected to several cells. At the same time the UE may be able to perform radio measurements in either case to neighbour cells at the same satellite, which may help solving the mirror problem.
Unless the verification starts early at the satellite approach, as the period has been agreed to be within approximately 1 minute maximum and 30 seconds preferably, there is a high likelihood that the satellite will have passed over enough for the cell to change. Therefore, solutions must consider the likelihood of cell change.
Proposal 1: The work on network verified UE location should consider cell changes.
While the objective is that the network can verify the UE position with a single satellite, multiple satellites are not excluded. A significant benefit of using multiple satellites is that the required time to determine the UE location decreases significantly, as the method then does not depend on the movement of a single satellite, when there are at least 3 satellites in view. Even with 2 satellites the required time is lowered significantly. At the same time the number of satellites - especially in low orbits - is increasing significantly and satellite systems grow in number of satellites, like for instance Starlink and OneWeb show. Furthermore, multiple satellites may reduce the risk of a cell change.
Observation 2: Similarly, as when other positioning methods are used, using a larger number of uncorrelated space samples will benefit the verification method to estimate the UE location reducing the procedure duration.
Observation 3: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly, and potentially even avoid the cell change scenario.
Although RAN1 is working on the procedures for the verification procedures, RAN2s solutions should not preclude the usage of multiple satellites. Thus, irrespectively of RAN1 progress, RAN2 solutions should include the support of multiple satelites.
Proposal 2: RAN2 agree to include support of multiple satellite support for multi-RTT in the specification work.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: One factor of importance is the configured periodicity of the RTT measurements reports from the UE, since this will be a factor contributing to the accuracy.
Proposal 1: The work on network verified UE location should consider cell changes.
Observation 2: Similarly, as when other positioning methods are used, using a larger number of uncorrelated space samples will benefit the verification method to estimate the UE location reducing the procedure duration.
Observation 3: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly, and potentially even avoid the cell change scenario.
Proposal 2: RAN2 agree to include support of multiple satellite support for multi-RTT in the specification work.



