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1. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
This document discusses UE positioning information as additional criteria for mobility decisions in NTN networks and makes some suggestions to move forward. 
2. UE Positioning and Mobility Decisions 
[bookmark: _GoBack]Traditionally in terrestrial networks mobility decisions are made based on signal strength. Such mechanisms may also be used in NTN, but may not work in all scenarios. For instance, in GEO networks with stationary satellites with pedestrian NTN UEs there is enough time for handover measurements, measurement reporting and handover signaling even if GEO satellites have a very long propagation delay. 
The most critical scenario of mobility are LEO satellite networks with fast gNB mobility and earth moving beams. Basically, the LEO satellite with several beams moves over the earth according to a predefined known pattern as shown in Figure 1. LEO constellations are typically designed such that each UE has at least one or more satellites/beams to cover it.  


[bookmark: _Ref3558892][bookmark: _Ref3558883]Figure 1: Moving LEO satellites with moving beams
The satellite constellations as well as the satellite movements are deterministic and are publicly known at multiple sources in predefined formats. A description thereof is provided in [1]. If the UE location is known, it is straight forward to calculate the satellite locations and to define triggers for Handover. 
A terminal initiated handover procedure can be triggered, if the elevation angle of the serving satellite is about to move below a certain threshold and if a qualified candidate is available. Qualified handover candidates typically need to have higher elevation angles than the current serving satellite. It is also not difficult to perform beam to beam handover within the same satellite for non-steerable satellites when the beam pattern of the satellite is available.  
[bookmark: _Hlk4682611]For cells / beams from the same satellite the receive signal variations for line of sight channels are relatively small in the cell edge area. At least in the LEO case the signal degradation can be abrupt, once the cell / beam edge area is left, particularly for the moving relay scenarios (e.g. airplane). Therefore, handover in mobility critical satellite systems could benefit from UE and satellite positions based handover triggers instead of, or on top of, signal strength based handover. 
Proposal 1: 	The use of satellite ephemeris, time and UE location shall be considered as additional trigger criteria to execute Handover in NTN.
[bookmark: _Hlk4612385]The question is if it can be assumed that the UE position is always known and is it known at UE or network level. A UE capable of NTN satellite communication could mostly be capable of GSNN based positioning as well, but not always. Neverless, there might be low cost mMTC devices some point of time. If GNSS is not available, network-based UE positioning would be required.  Of course, always assuming GNSS capable NTN UEs would simplify NTN standardisation work on connected as well as idle mode mobility (e.g. country based PLMN selection based on UE position). Nevertheless, as described above in this assumption might be too restrictive. We encourage RAN2 to discuss the NTN UE capabilities in this respective.
Proposal 2: 	RAN2 should discuss if NTN should support both, UEs supporting GNSS based positioning methods and UE not supporting GNSS based positioning methods. 
If the network makes the decision based on UE reporting of its position or if the UE makes the decision autonomously using Conditional Handover can be discussed once the NTN UE capabilities concerning GNSS are agreed. 
In case there are UEs not supporting GNSS based positioning methods, it should be discussed if alternative positioning methods should be studied for NTN. 
[bookmark: _Hlk4684040]Proposal 3: 	For the case GNSS based positioning methods are not supported by all NTN UEs, it should be discussed if network-based positioning methods should be studied for NTN or not.  
We would like to provide some background information to serve this discussion. 
In our understanding, RAN is not yet able to access position information from a location server (like LMF in der core net) that can be used for RAN purposes, i.e. HO. In other words, RAN is not yet an “LCS client”. However, during RAN plenary, a SI was agreed to study that [2]. After positive outcome and subsequent normative work, RAN may then use position information.
The available positioning methods in 3GPP that are all integrated via protocols (LPP, NRPPa) are: 
· RAT-dependent-techniques: Terrestrial (only terrestrial at the moment) cellular measurements, like TDOA or angle measurement in DL or UL (trilateration, triangulation). Clearly, these methods are enabled by the gNB infrastructure interacting with UEs.
· RAT-independent-techniques: GNSS (outdoor), Bluetooth, WLAN (indoors), terrestrial beacon systems (like Nextnav), or sensors like barometer (floor level determination in buildings) or IMU (relative movement determination).
Terrestrial RAT-dependent positioning may not be available in the majority of the NTN use cases, because the satellite connection is mostly used because there is no terrestrial RAN coverage. 
Quite some effort and standardization might be involved in of adding terrestrial positioning methods to NTN and careful analysis should be done before this aspect is added to the scope of the NTN study item. 
3. Conclusions
This document discusses the availability of UE positioning information as additional handover criteria in NTN. Based on the discussion the following proposals are made: 
Proposal 1: 	The use of satellite ephemeris, time and UE location shall be considered as additional trigger criteria to execute handover in NTN. 
Proposal 2: 	RAN2 should discuss if NTN should support both, UEs supporting GNSS based positioning methods and UE not supporting GNSS based positioning methods. 
Proposal 3: 	For the case GNSS based positioning methods are not supported by all NTN UEs, it should be discussed if network-based positioning methods should be studied for NTN or not.  
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