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Introduction
Adaptations to NR mobility must address the following issues in NTN: 1) increased signalling latency due to large propagation delay; 2) frequent cell change due to satellite movement; and 3) lower robustness of measurement-based mobility due to reduced signal strength variation between cell center and cell edge and large regions of cell overlap. Rel-17 NR NTN partially addressed these issues via enhancements to conditional handover, measurement reporting, and measurement rules for cell (re)selection.
An objective for Rel-18 NR NTN is to continue enhancements for both NTN-NTN and NTN-TN mobility and service continuity. Specifically, cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized).
The following agreements have been made in recent meetings regarding mobility enhancements for TN-NTN mobility and service continuity in Rel-18 NTN. FFS topics which are still open are highlighted in yellow below:
In RAN2#121bis-e [1], the following agreements relevant to NTN-TN mobility were made:
· For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful
· Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused
· Decision on the size of TN coverage area list is postponed until more is known on the format of this information and how is it sent.
· The discussion on how to indicate the frequency information for each TN coverage area should be combined with the discussion on which SIB will be used to indicate the TN coverage area, possibly based on evaluation of the signalling overhead
· The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
· On a frequency band number shared by TN and NTN (e.g., n1), if NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell. This understanding is also applicable for Rel-17 and it does not need any spec update
And the following working assumptions was made:
· [bookmark: _Hlk146537225]Working Assumption: We do not introduce new triggers making the UE reacquire the TN coverage information from SI.
NTN-TN mobility: Remaining open issues
Size of the TN coverage area list
A key consideration when determining the number of TN coverage areas is the large difference between supported cell sizes in non-terrestrial networks. For example, a LEO with 100km diameter may entirely cover a single TN area, whereas GEO with 3500km diameter can cover multiple countries. 
Observation 1:	NTN cell sizes range from 100 km to 3500 km. The diversity of deployment scenarios will require a significantly different number of TN coverage areas to be broadcast.
When evaluating the maximum number of supported TN coverage areas, RAN2 should use the worst case scenario (i.e., GEO with 3500km diameter) to determine the maximum list size.
Proposal 1:	RAN2 considers the largest supported NTN cell (i.e., GEO with 3500km diameter) when determing the maximum number of TN coverage areas.
Taking the RAN2#121 meeting location as an example, a 1000km diameter cell covers the entirety of Greece (see figure 1 in R2-2301365), which contains 66 cities with populations greater than 15,000 people. Describing a TN coverage area requires 8 bytes (distanceThresh (2 bytes) + referenceLocation (6 bytes)). Using 8 bytes per city would still require 528 bytes and would exclude any TN coverage within rural areas or towns with less than 15,000 people. This also neglects any signalling needed to provide the list of associated TN frequencies.
Observation 2:	The size of TN coverage information for NTN cells with even modest diameter can be hundreds of bytes depending on the required accuracy.
Although the eventual number of supported TN coverage areas will be somewhat arbitrary, the maximum number should trade off excessive signalling overhead while accommodating a wide variety of scenarios. In this case, 64 areas seems like a reasonable compromise.
Proposal 2:	The maximum number of TN coverage areas broadcast within SIBxx is 64.
Description of TN coverage area and applicable scenarios
Determining whether an area is classified as an “NTN only” or “TN available” area can depend on factors like geography, network deployment, and coverage characteristics. Since these can vary broadly, specifying an accuracy requirement for TN coverage description is both difficult to implement and verify in practice.  
Observation 3:	TN coverage can vary widely across geographies and network deployments. Specifying accuracy requirements on TN coverage description is restrictive and difficult to evaluate. 
Similarly, specifying requirements on how the TN coverage is described like whether or not TN coverage areas can overlap or that TN coverage areas must remain within the current cell footprint is overly restrictive and limits network flexibility. To avoid unnecessary restrictions and complexity for the network, it is proposed TN coverage description is fully left to network implementation.
Proposal 3:	RAN2 will not specify restrictions on TN coverage description (i.e., description of TN coverage is left to NW implementation)
Earth-moving cells is a good example of why not specifying restrictions on TN coverage description is beneficial. Since these cells continuously move over new coverage areas, if the network is restricted to only broadcasting TN coverage within the NTN cell footprint then this can cause excessive updates if the NW must constantly update SI with the new TN coverage areas as the cell moves. If the network can broadcast additional coverage areas outside the current NTN cell footprint, then future coverage areas can be included reducing the amount of updates necessary. 
Since the SIB acquisiton frequency issue can be accommodated by NW implementation, RAN2 should confirm the earth-moving cell scenario is not excluded.
Proposal 4:	Confirm TN coverage information can be broadcast by both (quasi)earth-fixed and earth-moving cells
(Re)acquisition of TN coverage information
It is currently a Working Assumption that we do not introduce new triggers to make UE reacquire the TN coverage information from SI (e.g., based on UE moving a configured distance, time etc.). Although the TN coverage SIB can contain much information, it can be considered relatively static. For example, since a TN coverage area represents a group of cells (e.g., a city), it is less successptible to changing NES states or outages. 
Considering existing SIB validity rules already requires a refresh every 3 hours, the existing specification should be sufficient to ensure TN coverage remains up-to-date, however this does not preclude other discussions in later releases (e.g., Rel-19)
Proposal 5:	Confirm the working assumption “We do not introduce new triggers making the UE reacquire the TN coverage information from SI” in Rel-18.
Conclusion
In this contribution the following observations and proposals are made concerning NTN-TN mobility and service continuity:
Observation 1:	NTN cell sizes range from 100 km to 3500 km. The diversity of deployment scenarios will require a significantly different number of TN coverage areas to be broadcast.
Observation 2:	The size of TN coverage information for NTN cells with even modest diameter can be hundreds of bytes depending on the required accuracy.
Observation 3:	TN coverage can vary widely across geographies and network deployments. Specifying accuracy requirements on TN coverage description is restrictive and difficult to evaluate. 
Proposal 1:	RAN2 considers the largest supported NTN cell (i.e., GEO with 3500km diameter) when determing the maximum number of TN coverage areas.
Proposal 2:	The maximum number of TN coverage areas broadcast within SIBxx is 64.
Proposal 3:	RAN2 will not specify restrictions on TN coverage description (i.e., description of TN coverage is left to NW implementation)
Proposal 4:	Confirm TN coverage information can be broadcast by both (quasi)earth-fixed and earth-moving cells
Proposal 5:	Confirm the working assumption “We do not introduce new triggers making the UE reacquire the TN coverage information from SI” in Rel-18.
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