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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.
In RAN2#120 [4], the following agreements relevant to NTN-TN mobility were made:
· RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
· Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
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
RAN2 is currently discussing cell reselection enhancements to reduce UE power consumption during NTN-TN mobility. Summarizing agreements from past meetings, RAN2 is to define a way for the UE to determine 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. Prior to deciding how to send the TN coverage information to the UE, RAN2 will first discuss the impacts of each method based on accuracy and storage requirements. 
Detection of Terrestrial coverage areas
Several options have been proposed to describe TN coverage, as well as whether it is provided via dedicated or broadcast signalling. Based on agreement from RAN2#120, RAN2 will first discuss details of TN coverage data such as accuracy and storage overhead before concluding which method is preferred.
TN coverage description via broadcast signalling
The following options have been proposed to describe terrestrial coverage in a broadcast manner:
Option 1A: Broadcast indicating an NTN cell overlaps with terrestrial coverage 
Since only one bit is required  to indicate TN coverage overlaps with an NTN cell, this is the best broadcast option from a signalling/storage perspective, but the worst from an accuracy perspective. For example, a 250km cell centered on Athens (where terrestrial coverage is available) mostly covers the sea (where terrestrial coverage is likely not available) so UEs within a large portion of this cell will receive an incorrect notification. 
Also, as the cell diameter increases so does the likelihood at least some portion will overlap with terrestrial coverage. This means the larger the cell, the lower the probability of an “NTN only” indication, limiting the usefulness of this option to reduce UE power consumption.
Observation 1:	A 1-bit broadcast indication that an NTN cell overlaps with TN coverage is best from a signalling/storage perspective, however has poor accuracy which limits it’s use.
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Figure 1: Example of an NTN cell with approx. 250km and 1000km diameter centered on Athens, Greece [5]

Option 1B: Broadcast indicating a sub-division or portion of an NTN cell overlaps with terrestrial coverage 
Depending on the how finely an NTN cell is sub-divided, this option allows a tradeoff between accuracy and signalling overhead. For example, subdividing a circular 250km diameter NTN cell into sections of 50km2 requires approximately 125 bytes to indicate TN coverage overlap per division (using a 1-bit indication per division and neglecting any signalling needed to describe the sub-division). 
However, to determine which subdivision a UE is currently camped in requires updated positioning information, which is undesirable from a power consumption perspective. As well, this solution is impractical for the Earth-moving cell case since whether a NTN cell sub-division overlaps with TN coverage will need to be continuously updated as the NTN cell moves across the Earth.
Observation 2:	Sub-dividing an NTN cell and indicating overlap with TN coverage per division is impractical for earth moving cells since it must be frequently updated to account for NTN cell movement.
Option 1C: Broadcast explicit description of TN coverage (e.g. via radius + reference location)
This option offers the the best accuracy for describing TN coverage at the expense of the highest signalling overhead. For example, describing a TN cell like an NTN cell requires 8 bytes (distanceThresh (2 bytes) for the radius + referenceLocation (6 bytes) for the cell center). An added advantage is this information is independent of satellite movement, so would work for both Earth fixed and Earth moving cells. 
However, it is impractical to broadcast the coverage of every terrestrial gNB when a single NTN cell can cover a country. A more realistic option is to represent areas with dense TN coverage such as a town or city by a single reference location and radius. Although, even this would still have much higher signalling overhead than other options. For example, Greece contains 66 cities with populations greater than 15,000 people [6]. 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). 
Observation 3:	Broadcasting a description of TN coverage (e.g. via reference locations + radius) offers the best accuracy, but at the expense of the highest signalling overhead.
TN coverage description via dedicated signalling
For RRC connected UEs the NW would have a good idea of the UE location, so information on TN coverage overlap can be tailored to the area immediately surrounding the UE. This allows a more accurate description of TN coverage with lower overhead. 
The following options can describe TN coverage overlap in a dedicated manner:
Option 2A: Dedicated indication that current UE location overlaps with terrestrial coverage 
The network could provide a 1-bit indication that the current UE location is within an area classified as “NTN only” or “TN overlap”. In addition to being low overhead, if updated UE location information is known at the network this indication could be accurate as well. 
However, this option may not be useful for mobile UEs at the edge of TN coverage, since the indication could become obsolete if the UE moves into (or out of) the area of TN coverage overlap.
Observation 4:	A dedicated indication that current UE location overlaps with TN coverage is low overhead and accurate, however could become obsolete if UE is mobile and at edge of TN coverage.
Option 2B: Dedicated indication of TN coverage overlap with validity conditions
To prolong the TN coverage indication validity, conditions such as a timer or distance threshold may be included. If properly configured by the network, a validity condition would improve confidence an indication is correct, maintaining accuracy while minimally increase the signalling overhead.
Observation 5:	Adding validity conditions (e.g. time/distance) would increase confidence a TN coverage indication remains accurate with minimal impact to signalling overhead.
Option 2C: Dedicated description of TN coverage (e.g. via radius + reference location)
As before, an explicit description of TN coverage provides the best accuracy at the expense of higher signalling overhead. Although, instead of describing an entire cell, the TN coverage indication can be limited to only the area immediately surrounding the UE. This can maintain the accuracy of the broadcast method while significantly reducing signalling overhead. 
Observation 6:	Limiting a dedicated TN coverage description to the area immediately surrounding a UE maintains the accuracy of broadcast signalling while significantly reducing overhead.
Comparison of dedicated vs. broadcast signalling
Describing TN coverage via broadcast requires a large amount of signalling (and thus storage requirements) to provide a useful degree of accuracy. Depending on the how the TN coverage is described, it may also require frequent updates and accurate UE location information, which is undesirable from a power consumption perspective.
Using dedicated signalling allows the TN coverage indication to be tailored to a specific UE. This enables an accurate description with minimal overhead, but requires the UE to be previously connected to network. For mobile UEs located at TN coverage edge the notification may become outdated, however this can be mitigated by providing validity conditions.
Tables 1 and 2 are provided below summarizing the characteristics of the described options:

Table 1: Summary of pros/cons describing TN coverage via broadcast signalling.
	Terrestrial representation type
	Accuracy
	UE storage requirements
	Update frequency (due to earth moving cell)

	Option 1A) NTN cell overlaps with TN coverage
	Low
	Low
	Medium

	Option 1B) NTN cell sub-division overlaps with TN coverage
	Medium
	Medium
	High

	Option 1C) Description of TN coverage within NTN cell
	High
	High
	Low



Table 2: Summary of pros/cons describing TN coverage via dedicated signalling.
	Terrestrial representation type
	Accuracy
	UE storage requirements
	Update frequency (due to UE movement)

	Option 2A) Current UE location overlaps with TN coverage
	Medium
	Low
	Medium

	Option 2B) UE location overlaps with terrestrial coverage based on conditions
	High
	Low
	Medium

	Option 2C) Description of TN coverage around UE
	High
	Medium
	Low



Based on the above analysis, it is proposed RAN2 prioritise dedicated signalling to provide assistance information to differentiate when a UE is camping in an “NTN only” area vs. a “TN network(s) is/are also available” area.	This does not preclude a combination with one or more broadcast signalling methods if time allows.
Proposal 1:	Prioritize dedicated signalling to indicate when UE is camping in an “NTN only” area vs. a “TN network(s) is/are also available” area.	
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 7:	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 2:	Classification of an area as “NTN only” vs “TN network(s) is/are also available” is up to network implementation.
If the UE determines (e.g. via indication) 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 8:	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 3:	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.
Conclusion
In this contribution the following observations and proposals are made concerning NTN-TN mobility and service continuity:
Observation 1:	A 1-bit broadcast indication that an NTN cell overlaps with TN coverage is best from a signalling/storage perspective, however has poor accuracy which limits it’s use.
Observation 2:	Sub-dividing an NTN cell and indicating overlap with TN coverage per division is impractical for earth moving cells since it must be frequently updated to account for NTN cell movement.
Observation 3:	Broadcasting a description of TN coverage (e.g. via reference locations + radius) offers the best accuracy, but at the expense of the highest signalling overhead.
Observation 4:	A dedicated indication that current UE location overlaps with TN coverage is low overhead and accurate, however could become obsolete if UE is mobile and at edge of TN coverage.
Observation 5:	Adding validity conditions (e.g. time/distance) would increase confidence a TN coverage indication remains accurate with minimal impact to signalling overhead.
Observation 6:	Limiting a dedicated TN coverage description to the area immediately surrounding a UE maintains the accuracy of broadcast signalling while significantly reducing overhead.
Observation 7:	TN coverage can vary widely across geographies and network deployments. Specifying accuracy requirements on TN coverage description is restrictive and difficult to evaluate. 
Observation 8:	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. 
Proposal 1:	Prioritize dedicated signalling to indicate when UE is camping in an “NTN only” area vs. a “TN network(s) is/are also available” area.	
Proposal 2:	Classification of an area as “NTN only” vs “TN network(s) is/are also available” is up to network implementation.
Proposal 3:	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.
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