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1. Introduction 
There was an email discussion to address service continuity scenarios between NTN and TN [1]. In this contribution, we elaborate our considerations on this issue in addition to our inputs to that email discussion and provide a Text Proposal.
2. Discussion
When a UE moves between the coverage boundary of Terrestrial Network (TN) and Non-Terrestrial Network (NTN), cell selection/reselection, measurement objects configuration and handover preparation should be studied in NTN in order to guarantee service continuity. Both NTN and TN networks may be deployed by a single operator as shown in the figure below in which case both cells may broadcast the same PLMN ID:
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Scenario 1: NTN and TN cells sharing the same PLMN ID
Alternatively, NTN and TN networks are operated by different operators and these operators enter into an agreement to share their NTN or TN network with each other as shown in the figure below. An NTN beam may cover a large area compared to a TN cell and both networks may have overlapping coverage:
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Scenario 2: NTN and TN cells having different PLMN IDs
TN->NTN service continuity

For a NTN-capable UE which is about to lose its terrestrial cellular coverage, it is relatively straight forward for it to tune to the allowed satellite frequency bands in order to search for any possible satellite signals. This approach may work for both scenarios 1 and 2 above without any specification impacts. 
Alternatively, the terrestrial network may provide assistance information in terms of measurement configuration for NTN frequencies either based on UE capabilities or broadcast in the SI for all UEs. This approach requires some level of coordination between the TN and NTN operators irrespective of whether the two are parts of the same PLMN or use different PLMN IDs. From radio point of view, such mobility could still be based on serving cell quality measurements. 
Proposal 1: For TN to NTN service continuity, UE may autonomously select NTN cell at the end of TN cell coverage. Alternatively, TN cell may provide NTN frequency as part of measurement configuration for UEs in IDLE/INACTIVE and Connected mode and mobility is based on evaluating the serving cell quality (as legacy).
NTN->TN service continuity

But when the situation is the other way around i.e. when a NTN-capable UE currently connected to a satellite cell enters the terrestrial cellular network, handover/reselection to the terrestrial cellular network may not be triggered based on the serving cell quality. For example, a UE on a cruise ship would turn off searching for terrestrial cell signals for the sake of power saving whilst out at sea where there is no terrestrial coverage. But when it approaches a coast where there is terrestrial coverage, there is need for the UE to start measuring for a terrestrial network. Furthermore in the case that there is coverage overlapping between NTN and a terrestrial network and for a UE connected to NTN when to start measurements on the terrestrial signal may be problematic because the link quality of the NTN cell may still be good enough and the coverage of the beam foot print may be up to hundreds of kilometres. As a result, the cell reselection or handover based on serving cell RSRP measurement may not work even when UE physically moves into TN coverage. 
Going back to scenario 1, both TN and NTN use the same PLMN ID and so mobility should be based on radio conditions i.e. when serving cell quality degrades then a target cell should be selected. But, as mentioned above the NTN serving cell quality may still be good while the UE is actually in the TN coverage.
For scenario 2, if the NTN and TN PLMNs are treated as ePLMNs then the UE will treat both PLMNs as HPLMN and will not search for TN with a priority. So mobility could be based on radio conditions as mentioned above. In case ePLMN mechanism is not used then UE may be searching for its HPLMN more aggressively when camped on an NTN cell, as VPLMN if HPLMN happens to be the TN operator. This will result in increased battery drain and at the same time radio conditions based reselection may not work. Therefore a mechanism to trigger the UE to handover/reselect to a terrestrial cellular network should be studied. It was proposed in the email discussion that UE power saving is not required in the early phases of NTN service continuity and UE should be searching for TN with increased periodicities. In our opinion, it does not solve the problem because current cell selection/reselection works on radio conditions while taking the serving cell as a reference. 
UE radio conditions for NTN cell will hardly change and will not satisfy existing cell selection/reselection criteria or events defined for HO. There may not be an issue for Periodic measurements used in connected mode though.
Proposal 2: RAN2 to agree that, if different PLMN IDs are deployed in NTN and TN, then UE searches for its HPLMN with a priority. This may result in unnecessary UE battery drain but when to search for TN is still problematic for both scenarios because serving NTN cell quality may still be good enough for not triggering cell reselection. 
The network should make the UE aware of when to start performing the measurements on TN cells and not apply serving cell criteria, when moving from a NTN cell towards a TN cell. One straightforward solution could be if the NTN RAN is aware of UE location then it can trigger the UE to perform measurements on TN when the UE approaches a TN cell’s boundary. This approach solves both battery drain and applicability of new criteria. Another option would be that satellite cell will include an indication in system information to tell the UE that the NTN serving cell’s coverage overlaps with terrestrial cellular coverage and it can ignore serving cell thresholds.
Proposal 3: RAN2 to discuss solutions for NTN to TN service continuity.
3. Conclusion
We propose RAN2 to discuss and agree on following proposals:
Proposal 1: For TN to NTN service continuity, UE may autonomously select NTN cell at the end of TN cell coverage. Alternatively, TN cell may provide NTN frequency as part of measurement configuration for UEs in IDLE/INACTIVE and Connected mode and mobility is based on evaluating the serving cell quality (as legacy).
Proposal 2: RAN2 to agree that, if different PLMN IDs are deployed in NTN and TN, then UE searches for its HPLMN with a priority. This may result in unnecessary UE battery drain but when to search for TN is still problematic for both scenarios because serving NTN cell quality may still be good enough for not triggering cell reselection.
Proposal 3: RAN2 to discuss solutions for NTN to TN service continuity.

A text proposal is provided in the annex 

4. References
[1] Email discussion [106#72][NR/NTN] NTN-TN service continuity scenarios (Nokia)
5. Text Proposal

Figure below shows an example of sharing the NTN and TN between operators:
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For TN to NTN service continuity, either the edge of TN cell may indicate the presence of NTN network based on the existing measurement framework or the selection of NTN could purely be based on UE implementation. However, there may not be an edge of NTN coverage or serving cell quality may not deteriorate with the presence of TN cells. So, for NTN to TN service continuity, mobility based on NTN serving cell quality cannot be used. A UE may search the Terrestrial Network with a priority. One solution could be if network/UE are aware of UE location then the current measurement configuration framework can be reused while taking into account the UE location and UE ignores serving cell quality.
-------------------End of TP----------------------------------------------------------------------------------------------------------------
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