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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 [1] 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).
In RAN2#119e [2], the following agreements relevant to cell reselection enhancements were made:
· RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 
· RAN2 to work on assistance information that can be provided to NTN UEs for the above.
· 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
In RAN2#119bis-e [3], the following agreements relevant to NTN-TN mobility were made:
· To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
· The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.
This document focuses on enhancements for NTN-TN case, specifically detection of terrestrial coverage and prioritization of TN vs. NTN cells during cell reselection.
NTN-TN Cell Reselection
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 1:	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.
RAN2 has so far discussed cell reselection enhancements to reduce UE power consumption during NTN-TN mobility. Summarizing agreements from RAN2#119e and RAN2#119bis-e, RAN2 is to define a way for the UE to determine that it is under TN coverage, and some assistance information is provided to facilitate this. Once the UE is outside of TN coverage, it is not required to perform measurements on TN cells.
Detection of Terrestrial coverage areas
Based on factors like NTN cell size and terrestrial network deployment, broadcasting an accurate description of TN coverage across an entire NTN cell may be very difficult to do in practice. For example, if a town or city is entirely described by a reference location and radius, even a 250km diameter NTN cell may contain tens to hundreds of these areas, as seen in the figure below: 
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Figure 1: Example of a cells with approx. 250km and 1000km diameter [4]
This may be even more difficult in Earth-moving NTN case, where the description of TN coverage may need to be periodically updated as the cell moves relative to the Earth. To avoid excessive broadcast signalling, system information can only provide very rough estimates of terrestrial coverage areas.
Observation 2:	Broadcasting an accurate description of TN coverage across an entire NTN cell can require a huge amount of signalling.
For connected UEs, upon (or prior to) release to RRC Inactive/Idle the network could provide a much more accurate description of terrestrial coverage via dedicated signalling. Since the NW would have a good idea of the UE location, TN coverage information can be tailored to the area immediately surrounding the UE. This could provide a good compromise between accuracy and signalling overhead, however a drawback is the information may become outdated if the UE moves outside the described area.
Observation 3:	Dedicated signalling (e.g. provided within the RRCRelease message) could allow a more accurate description of TN coverage immediately surrounding the UE, however such information may become outdated (e.g. based on UE movement).
A further option could be some combination of broadcast and dedicated signalling, where a rough description is provided via system information and refined in the immediate area via dedicated signalling. This may be particularly useful for high-mobility UEs. 
Observation 4:	Combining a rough description of TN coverage across the entire NTN cell (e.g. sent via broadcast signalling) with an accurate description surrounding the UE (e.g. sent via dedicated signalling) may be a good tradeoff between signalling overhead and accuracy.
As a starting point, RAN2 may discuss the whether such assistance information can be practically provided, and the achievable accuracy.
Proposal 1:	RAN2 to discuss the accuracy requirements for describing where TN network(s) is/are available (e.g. cell level, within X kms, etc.).
If the UE determines it is within both TN and NTN coverage, a UE should have a clear understanding which cell IDs/frequencies are associated with a terrestrial network vs. a non-terrestrial network. 
Observation 5:	A UE under both TN and NTN coverage should 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 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 2:	RAN2 to confirm in areas of overlapping NTN-TN coverage, a UE can distinguish whether a neighbor cell or frequency belongs to a TN or NTN via existing specification.
Prioritization of TN vs. NTN during cell (re)selection
In RAN2#119bis-e, it was agreed that a UE is not required to perform cell measurements for TN neighbour cells in areas where there is no TN coverage. In this case, the UE would clearly prioritize cell reselection to NTN cells. However, in areas of overlapping NTN/TN coverage a UE may prioritize TN during cell (re)selection based on the significant advantages offered by terrestrial cells (e.g. in terms of latency). A key factor on switching between prioritizing between TN and NTN is clearly the availability of TN coverage
Observation 6:	A UE should be able to switch prioritizing NTN vs TN cell at least based on TN availability.
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 (e.g. some distance threshold away from terrestrial coverage). 
Proposal 3:	A UE may switch between prioritizing TN and NTN during cell (re)selection. FFS how/when switch is triggered.
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 support NTN/TN prioritization.
Conclusion
In this contribution the following observations and proposals are made concerning NTN-TN mobility and service continuity:
Observation 1:	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 2:	Broadcasting an accurate description of TN coverage across an entire NTN cell can require a huge amount of signalling.
Observation 3:	Dedicated signalling (e.g. provided within the RRCRelease message) could allow a more accurate description of TN coverage immediately surrounding the UE, however such information may become outdated (e.g. based on UE movement).
Observation 4:	Combining a rough description of TN coverage across the entire NTN cell (e.g. sent via broadcast signalling) with an accurate description surrounding the UE (e.g. sent via dedicated signalling) may be a good tradeoff between signalling overhead and accuracy.
Observation 5:	A UE under both TN and NTN coverage should have a clear understanding which cell IDs/frequencies are associated with a terrestrial vs. non-terrestrial network. 
Observation 6:	A UE should be able to switch prioritizing NTN vs TN cell at least based on TN availability


Proposal 1:	RAN2 to discuss the accuracy requirements for describing where TN network(s) is/are available (e.g. cell level, within X kms, etc.).
Proposal 2:	In areas of overlapping NTN-TN coverage, RAN2 to confirm a UE can distinguish whether a neighbor cell or frequency belongs to a TN or NTN via existing specification.
Proposal 3:	A UE may switch between prioritizing TN and NTN during cell (re)selection. FFS how/when switch is triggered.
Proposal 4:	Non-measurement-based factors (e.g. network type) are incorporated into the cell reselection procedure to support NTN/TN prioritization.
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