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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. Work will consider existing methods from NR TN and Rel-17 NR NTN as baseline for further enhancements, and will target the following specific objectives:
· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]
In RAN2#119e, the following agreements relevant to cell reselection enhancements were made:
	1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
2. RAN2 to work on assistance information that can be provided to NTN UEs for the above.
3. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios



This document focuses on the RRC_IDLE/INACTIVE case (i.e. bullets 2 and 4 from the WID above). Possible enhancements for both the NTN-NTN and NTN-TN case are then proposed.
Release-18 enhancements
Application of Rel-17 enhancements to earth-moving cells
Release 17 cell (re)selection enhancements only apply to quasi-earth fixed cells, and are disabled for earth moving cells (e.g. by not broadcasting relevant parameters like t-Service and distanceThresh in SIB19). As per the WID, these enhancements are to be taken as a starting point for Rel-18 work on earth-moving cells.
Unlike the quasi-earth fixed case, the cell stop time in the earth moving case depends on the UE location within the cell and direction/speed of cell movement. Broadcasting a singular t-Service value would not work, and would instead need to be done in a UE-specific manner. 
Observation 1:	Broadcasting a singular t-Service does not work for earth moving beams as the cell stop time depends on the UE location within the cell and direction/speed of cell movement
A UE-specific t-Service would require dedicated signaling and periodic updates as the cell/UE move, so is unsuitable for IDLE/INACTIVE UEs. It is therefore proposed that RAN2 prioritize location-based cell reselection solutions for earth-moving beams.
Proposal 1:	Prioritize location-based cell (re)selection enhancements for earth-moving cells.
One issue when adapting the existing location-based cell reselection enhancement to earth-moving cells is that the cell reference point used for evaluation of distanceThresh will continuously change. Although the broadcasted value could be periodically updated, having the UE frequently re-aquire SIB19 is undesirable from a power consumption perspective. 
Observation 2:	The cell reference point used for Rel-17 location-based cell reselection enhancements will continuously change for earth-moving cells. This may increase power consumption if the UE must frequently re-aquire SIB19 to updated the value.
RAN2 should study ways to ensure the cell reference point remains valid without frequent SIB re-acquisition. For example, the UE may use satellite ephemeris data to help predict future values of the cell reference point. 
Proposal 2:	FFS how to update/maintain an accurate cell reference point for earth-moving cells. 
Location-based cell (re)selection enhancements
RAN2 has also discussed other candidate location-based cell reselection enhancements in Rel-17 such as limiting the number of candidate cells to only those with a reference point within a certain distance from the UE. The following options were discussed, but ultimately not agreed due to limited time left in the release: 
· Option 1: Introduce a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies to down scope the candidate cells for reselection. 
· Option 2: Introduce a distance threshold. Distance threshold applies to decide the candidate cells and then rank the candidate cells based on R-criterion to decide the target cell for reselection.
· Option 3: Cell ranked on R-criterion first and then the distance criteria applies to decide the target cell for reselection
Although helpful to limit the number of candidate cells in the quasi-earth fixed case, such solutions would be particularly useful for earth-moving cells. For example, as the cells move the distance between the UE and neighbouring cells could be tracked over time (or combined with ephemeris information) to detect whether a cell is approaching or moving away from the UE. This could help reduce the number of cell reselections by having the UE prioritize incoming cells, or ensure a UE does not reselect to a neighbouring cell which will shortly disappear due to being too far away. 
Observation 3:	The distance between a UE and neighbour cell reference point(s) may be tracked over time to determine whether a cell is incoming or receding in an earth moving scenario.
Since broadcasting neighbour cell assistance information (e.g. ephemeris, validity duration) via SIB19 is already supported, only minor system changes are required to include the neighbour cell reference point. 
Proposal 3:	Cell reselection enhancements based on the distance between a UE and neighbouring cell reference point(s) are supported in Rel-18. 
NTN-TN cell (re)selection
Terrestrial and non-terrestrial cells offer different advantages based on their respective characteristics. For example, the large cell sizes in NTN may be beneficial to reduce the number of cell reselections or RNA updates. NTN cells are also beneficial for paging since one NTN cell may cover the same geographic area as many TN cells. Alternatively, terrestrial cells offer latency advantages and are better suited for fast connection setup or paging response. 
Observation 4:	Camping on NTN vs TN cells offer different advantages: TN has faster connection setup, whereas NTN may reduce the number of cell reselections due to larger cells sizes.
Since a given network type may be better suited to a particular scenario, UE may prefer to camp on a particular network type based on UE-circumstances (e.g. UE mobility or traffic profile). So far no enhancements are specified regarding prioritization between terrestrial and non-terrestrial cells, so the UE must rely on measurement-based cell ranking regardless of network type. Including other non-measurement-based metrics into the cell reselection procedure such as the network type (TN vs. NTN) would assist the UE to select the best cell under the given circumstances.
Proposal 4:	Non-measurement-based factors (e.g. network type) are incorporated into the cell reselection procedure to assist TN/NTN prioritization.
However, such solutions are only useful if the UE is under both NTN and TN coverage simultaneously. In case a UE is far outside of terrestrial coverage, it would be beneficial from a power-saving perspective to disable or reduce searching for terrestrial cells. 
Observation 5:	If an NTN-camped UE is far outside of terrestrial coverage, it would be beneficial to disable or reduce searching for terrestrial cells during cell reselection.
Since RAN2 has agreed in previous meeting that that measurements for TN’s coverage are performed only when relevant, a UE should be capable of switching between prioritizing terrestrial or non-terrestrial networks.
Proposal 5:	A UE may switch between prioritizing terrestrial and non-terrestrial networks.
How the UE determines when to switch may be reliant on how it detects it is within terrestrial coverage or not, which may be further studied. Possible options could be based on an explicit indication (e.g. via SIB or paging), based on a configuration (e.g. provided within the release message), or conditionally based on satisfaction of some criteria.
Proposal 6:	FFS when/how the UE switches between prioritizing TN vs. NTN (e.g. via indication, configuration, or conditionally)
In RAN2#119e it was agreed that RAN2 work on network assistance information to ensure measurements for TN coverage are performed only when relevant. As a first step, it would be useful for the UE to have a clear understanding which cell IDs/frequencies are associated with a terrestrial network vs. a non-terrestrial network. 
Past discussion has indicated a UE may determine if a cell belongs to an NTN implicitly (e.g., via presence of the NTN-specific SIB). Also, if NTN and TN belong to dedicated bands, then the UE may be able to distinguish between TN and NTN based on the ARFCN of the neighbouring carrier. It is proposed that RAN2 confirm the assumption that a UE can distinguish between TN and NTN based on existing specification.
Proposal 7:	RAN2 to confirm that a UE can distinguish whether a neighbor cell or frequency belongs to a terrestrial or non-terrestrial network via existing specification.
Conclusion
In this contribution the following observations and proposals were made concerning Idle/Inactive measurement, mobility, and service continuity enhancements in Rel-18 NR NTN:
Observation 1:	Broadcasting a singular t-Service does not work for earth moving beams as the cell stop time depends on the UE location within the cell and direction/speed of cell movement
Observation 2:	The cell reference point used for Rel-17 location-based cell reselection enhancements will continuously change for earth-moving cells. This may increase power consumption if the UE must frequently re-aquire SIB19 to updated the value.
Observation 3:	The distance between a UE and neighbour cell reference point(s) may be tracked over time to determine whether a cell is incoming or receding in an earth moving scenario.
Observation 4:	Camping on NTN vs TN cells offer different advantages: TN has faster connection setup, whereas NTN may reduce the number of cell reselections due to larger cells sizes.
Observation 5:	If an NTN-camped UE is far outside of terrestrial coverage, it would be beneficial to disable or reduce searching for terrestrial cells during cell reselection.
Proposal 1:	Prioritize location-based cell (re)selection enhancements for earth-moving cells.
Proposal 2:	FFS how to update/maintain an accurate cell reference point for earth-moving cells. 
Proposal 3:	Cell reselection enhancements based on the distance between a UE and neighbouring cell reference point(s) are supported in Rel-18. 
Proposal 4:	Non-measurement-based factors (e.g. network type) are incorporated into the cell reselection procedure to assist TN/NTN prioritization.
Proposal 5:	A UE may switch between prioritizing terrestrial and non-terrestrial networks.
Proposal 6:	FFS when/how the UE switches between prioritizing TN vs. NTN (e.g. via indication, configuration, or conditionally)
Proposal 7:	RAN2 to confirm that a UE can distinguish whether a neighbor cell or frequency belongs to a terrestrial or non-terrestrial network via existing specification.
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