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1 Introduction
The WID on NR-NTN [1] includes the following objective on service continuity between TN and NTN systems:
Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed) (RAN2)
We have had some progress on the topic of mobility at the last few meetings, with some relevant agreements listed below. 
R2-114-e:
· RAN2 down priorities further enhancements for connected mode for Rel-17 for TN-NTN mobility
· RAN2 continue discussing the exact solution for TN priorization over NTN for idle mode        
R2-111-e:
· Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
· The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
· The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
In this paper, we take a closer look at the NTN-TN service continuity scenario in Idle mode and the applicability of our agreements on these scenarios.
2 Discussion
2.1 Background on NTN-TN service continuity
Figure 1 from the NTN TR 38.821 [2] illustrates typical scenarios where NTN and TN systems work alongside each other. The TN and NTN networks can be owned by the same operator or by multiple operators with an agreement between them. In such scenarios, enabling the UE to seamlessly transit between NTN and TN network operation, and to maintain service continuity across these transitions is important to ensure that the end-user experience of NR is one of ubiquitous connectivity. As a customer, the important aspect is to have usable service on the device, regardless of the technology that provides the connectivity for the device.
Observation 1: To improve the end-user experience, it is important to be able to seamless transit between NTN and TN cells while maintaining service continuity across these transitions.
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[bookmark: _Ref65657429]Figure 1: Typical example of NTN-TN interworking [2]
As extensive interference issues exist in the case of TN cells (high SINR, small footprint) and NTN cells (low SINR, wide footprint) operating in the same frequency (which is outside the scope of the Rel-17 NTN WI [1]), we assume that the TN and NTN networks operate on different frequencies in the rest of this document. 
[bookmark: _Ref65684204]2.2 Idle mode mobility
RAN2 have agreed to reuse NR cell reselection mechanisms, including the priority configurations, as a baseline for Idle mode mobility. 
When priority-based reselection is configured, the UE is required to search for neighbour cells on higher priority frequencies at least once every 60*N seconds, where N is the number of higher priority frequencies [3]. Once a cell belonging to a higher priority frequency is detected, the UE reselects to that cell if its signal strength is higher than a threshold for a period of time (Squal > ThreshX,HighQ or Srxlev > ThreshX,HighP, for time interval TreselectionRAT [4]). 
If the serving cell is of a high priority, the UE is not required to search and measure cells on lower priority frequencies unless the serving cell signal strength is quite poor, i.e if it falls below a threshold (Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ). If a low priority neighbour cell is found, the UE will only reselect to a neighbour cell with a lower priority if its serving cell’s signal strength is very poor (Squal < ThreshServing, LowQ) and if the neighbour cell’s signal strength is good (Squal > ThreshX, LowQ for time interval TreselectionRAT).
This priority-based reselection mechanism is well-suited to address NTN-TN Idle mode mobility. 
Example 1: NTN to TN reselection (‘hand-in’ in Idle mode)
Let’s consider an example of a ship at sea, coming into harbour as illustrated in Figure 2 to explain the NTN to TN reselection scenario. When at sea, it is served by the NTN network. As it approaches land, it comes under the coverage of TN cells. In this example, we assume that the NW configures the TN cells to operate on a higher priority than the NTN cells. This is a reasonable assumption as it is likely that to reduce the load on the wide NTN cell and to improve the capacity available for other UEs that are outside TN coverage, those UEs that are in TN coverage are offloaded from NTN to TN cells.
As NTN cell 1 does not overlap with any TN cells, the neighbour list broadcast by the network on this cell would not include any high priority frequencies. The UE on the ship does not search for any TN cells when NTN cell 1 is the serving cell. Once the ship moves closer to shore, it reselects to NTN cell 2. The NW is aware that NTN cell 2 overlaps with several TN cells. Therefore, the broadcast neighbour list information includes the higher priority TN frequency. The UE on the ship searches for a TN cell once every 60s until a TN cell is found. If the TN cell strength is sufficiently strong, the UE will reselect to the TN cell. As the UE is in Idle mode without an active connection, a delay of 60s to reselect to a TN cell makes little difference to performance.
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[bookmark: _Ref65667148]Figure 2: Example of NTN to TN mobility
Once the UE selects the TN cell, it will not reselect back to the NTN cell even if the NTN cell’s signal strength is better, as it is associated with a lower priority frequency. The UE will only move back to the NTN cell if the TN cell’s signal strength becomes very weak. The priority mechanism therefore also helps avoid ping-pong between NTN and TN cells.
Observation 2: Priority-based reselection is sufficient to address NTN to TN mobility (hand-in) in Idle mode and can be used to prioritise TN over NTN.
Example 2: TN to NTN reselection (‘hand-out’ in Idle mode)
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[bookmark: _Ref65677607]Figure 3: Example of TN to NTN mobility
Let’s take the opposite case as a second example, with a ship at harbour sailing out to sea as illustrated in Figure 3 to explain the TN to NTN reselection scenario. The UE on the ship is served by a TN cell. The network is aware that this TN cell is at the edge of the TN network coverage and therefore it includes the frequency of the NTN cell in its neighbour list. Given that the NTN frequency is of a lower priority, the UE will preferentially reselect to neighbouring TN cells if available and will only reselect to an NTN cell if no suitable TN neighbour cells are available and the serving TN cell’s signal strength is poor.
As the ship moves out to sea, it will gradually move out of TN cell coverage altogether. On reaching the edge of TN network coverage, it will reselect to the lower priority NTN cell. Once it moves to the NTN cell, it will stay on the NTN cell as it has moved out of TN coverage. Ping-pong at the edge of the TN network can be avoided by suitable settings of the reselection thresholds ThreshX,HighQ/P and ThreshServing, LowQ/P, just as in TN networks today. As it eventually sails out from NTN cell 2 to NTN cell 1, it will stop searching for TN cells as TN neighbour cells will not be listed in NTN cell 1’s broadcast information. 
Observation 3: Priority-based reselection is sufficient to address TN to NTN mobility (hand-out) in Idle mode and can be used to prioritise TN over NTN.
Observation 4: Ping-pong between NTN and TN cells can be avoided by suitable settings of reselection thresholds for high and low priority frequencies as in TN networks today.
Proposal 1: The existing Idle-mode mobility framework is sufficient to address NTN-TN service continuity, including the prioritisation of TN over NTN. 
3 Conclusion
In this contribution we have taken a closer look at mobility scenarios between NTN and TN networks in Idle mode and note the following:
Observation 1: To improve the end-user experience, it is important to be able to seamless transit between NTN and TN cells while maintaining service continuity across these transitions.
Observation 2: Priority-based reselection is sufficient to address NTN to TN mobility (hand-in) in Idle mode and can be used to prioritise TN over NTN.
Observation 3: Priority-based reselection is sufficient to address TN to NTN mobility (hand-out) in Idle mode and can be used to prioritise TN over NTN.
Observation 4: Ping-pong between NTN and TN cells can be avoided by suitable settings of reselection thresholds for high and low priority frequencies as in TN networks today.
Proposal 1: The existing Idle-mode mobility framework is sufficient to address NTN-TN service continuity, including the prioritisation of TN over NTN. 
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