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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#119bis-e [2], 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.
In RAN2#121bis-e [3], 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).
· Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately.
· The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
This document focuses on enhancements for NTN-TN case, specifically cell reselection enhancements to reduce UE power consumption during NTN-TN mobility
TN coverage description
Summarizing agreements from past meetings, an explicit geographic description of TN coverage is provided via broadcast signaling as a baseline. This description is a list of (possibly overlapping) areas of TN coverage, each defined with a center location (via Ellipsoid-Point) and radius. If a UE is outside of TN coverage, it is not required to perform measurements on TN cells. 
Remaining aspects of TN coverage description from RAN2#121bis-e are summarized as follows:
· FFS if Rel-17 referenceLocation and distanceThresh are directly reused [to describe a TN coverage area]
· FFS on the SIB [to signal TN coverage]
· 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
· 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 IE distanceThresh currently supports radius description ranging from 0m to over 3200km in increments of 50m, which seems sufficient for describing a TN coverage radius. Considering that high accuracy is not needed, there also does not seem a strong motivation to introduce a new IE for the reference location. To maintain consistency with the R17 measurement relaxation mechanism, it is suggested that both the referenceLocation and distanceThresh IEs be re-used directly to describe TN coverage information.
Proposal 1:	referenceLocation and distanceThresh IEs are re-used to describe the location of TN coverage area center and radius.
Another discussion point is whether this information should be placed in SIB19 or some other SIB. The definition of SIB19 in TS 38.331 is "SIB19 contains satellite assistance information for NTN access", and as such contains information like ephemeris data, common TA information, and epoch time. The TN coverage information is used for TN frequency relaxation and is entirely unrelated to NTN access.
Observation 1:	SIB19 is meant to contain satellite assistance information for NTN access, which is entirely unrelated to TN measurement relaxation.
Furthermore, the size of the TN coverage information could be significant. 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. 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 (i.e., the majority of the country).
The cleanest solution would be to introduce a new SIB to broadcast the TN coverage information. Defining a new SIB would also make it relatively straightforward to indicate the frequency information for each TN coverage area along with the list of TN coverage areas. 
Proposal 2a:	Introduce a new SIB to broadcast TN coverage information.
Proposal 2b:	The new TN coverage SIB contains a list of TN coverage areas (centre coordinates + radius) and frequency information associated with each TN coverage area.
Regarding the size of the TN coverage area list, a main factor to consider is the large difference between supported cell sizes and required accuracy. For example, a LEO with 100km diameter may entirely cover a single TN area, whereas GEO with 3500km diameter can cover multiple countries. 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 3:	RAN2 considers the largest supported NTN cell (i.e., GEO with 3500km diameter) when determing the maximum number of TN coverage areas.
TN coverage description via dedicated signalling
Though beneficial from a signalling overhead perspective, describing the TN coverage in terms of a reference point and radius is restricted in terms of how accurately the coverage can be described. Because of this, RAN2#121 [4] has also agreed to consider a UE-specific update via dedicated signalling:
· Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)
And is further captured as FFS in RAN2#121bis-e:
· FFS on whether additional information in dedicated signalling is needed/useful
Considering an NTN cell can have a 1000km+ diameter, the vast majority of broadcasted TN coverage information is irrelevant for a given UE. 
Observation 2:	Considering an NTN cell can have a 1000km+ diameter, the vast majority of broadcasted TN coverage information is irrelevant for a given UE.
For RRC connected UEs the NW would have a good idea of the UE location, so any dedicated information on TN coverage can be tailored to the area immediately surrounding the UE. This allows a more accurate description of TN coverage with lower overhead that may be provided e.g., via the RRC Release message. 
Observation 3:	UE-specific refinement can allow the TN coverage information to be tailored to the UE, supporting much higher accuracy for the relevant area without excessive signalling overhead.
Proposal 4:	UE-specific update of geographic TN coverage can be optionally provided via dedicated signalling.
By focusing only on the area relevant to the UE, the network can include much more detail about the geographic coverage area with the same (or less) signalling overhead.  In this case, the additional detail available by describing TN coverage via Option 2 or Option 6 is justified. 
Proposal 5:	If UE-specific TN coverage update is supported, RAN2 to discuss whether a more accurate method (e.g., Option 2/Option 6) can be used to describe TN coverage.
The one drawback is that for mobile UEs located at TN coverage edge the notification may become outdated, however this can be mitigated by providing validity conditions (e.g., via a timer or based on distance from the UE location the TN coverage information was received).
Evaluation of an area as “NTN only” vs. “TN available”
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 describing TN coverage is restrictive and will be difficult to verify in practice.  
Observation 4:	TN coverage can vary widely across geographies and network deployments. Specifying accuracy requirements on TN coverage description is restrictive and difficult to evaluate. 
Considering TN coverage data is best known by the network, it should be up to network implementation to classify an area as “NTN only” vs. “TN available area”.
Proposal 6:	Classification of an area as “NTN only” vs “TN network(s) is/are also available” is up to network implementation.
Conclusion
In this contribution the following observations and proposals are made concerning NTN-TN mobility and service continuity:
Observation 1:	SIB19 is meant to contain satellite assistance information for NTN access, which is entirely unrelated to TN measurement relaxation.
Observation 2:	Considering an NTN cell can have a 1000km+ diameter, the vast majority of broadcasted TN coverage information is irrelevant for a given UE.
Observation 3:	UE-specific refinement can allow the TN coverage information to be tailored to the UE, supporting much higher accuracy for the relevant area without excessive signalling overhead.
Observation 4:	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:	referenceLocation and distanceThresh IEs are re-used to describe the location of TN coverage area center and radius.
Proposal 2a:	Introduce a new SIB to broadcast TN coverage information.
Proposal 2b:	The new TN coverage SIB contains a list of TN coverage areas (centre coordinates + radius) and frequency information associated with each TN coverage area.
Proposal 3:	RAN2 considers the largest supported NTN cell (i.e., GEO with 3500km diameter) when determing the maximum number of TN coverage areas.
Proposal 4:	UE-specific update of geographic TN coverage can be optionally provided via dedicated signalling.
Proposal 5:	If UE-specific TN coverage update is supported, RAN2 to discuss whether a more accurate method (e.g., Option 2/Option 6) can be used to describe TN coverage.
Proposal 6:	Classification of an area as “NTN only” vs “TN network(s) is/are also available” is up to network implementation.
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