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Introduction
[bookmark: OLE_LINK9]During RAN2#106 meeting, the issue of service continuity between Non-Terrestrial Networks and Terrestrial Networks was discussed and an email discussion was left to capture the issues and solutions of service continuity between NTN and TN [1]. In this contribution, we will further analyse how to achieve service continuity based on the email discussion.
Discussion
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Compared to Terrestrial Networks, the Non-Terrestrial Networks own the advantage of wide service coverage capabilities and reduced vulnerability to physical attacks and natural disasters on the ground. According to TR38.811, NTN is especially useful in the following scenarios:
	Non-Terrestrial Networks are expected to
-	foster the roll out of 5G service in un-served areas that cannot be covered by terrestrial 5G network (isolated/remote areas, on board aircrafts or vessels) and underserved areas (e.g. sub-urban/rural areas) to upgrade the performance of limited terrestrial networks in cost effective manner,
-	reinforce the 5G service reliability by providing service continuity for M2M/IoT devices or for passengers on board moving platforms (e.g. passenger vehicles-aircraft, ships, high speed trains, bus) or ensuring service availability anywhere especially for critical communications, future railway/maritime/aeronautical communications, and to
-	enable 5G network scalability by providing efficient multicast/broadcast resources for data delivery towards the network edges or even user terminal.


From the above specification, it can be seen that in some cases the Terrestrial Networks are not available, e.g., in the desert or on the sea or in the jungle etc. There are common characteristics about these scenarios where incredibly large areas are involved without normal coverage. Thus for most of the time, UE may not be able to have access to the Terrestrial Networks. Though the Non-Terrestrial Networks have better coverage in the above mentioned areas, they have lower radio quality than the Terrestrial Network in the continent where both Non-Terrestrial Networks and Terrestrial Networks have coverage. Therefore to improve the Quality of Service of the communication, UE is better to switch to the Terrestrial Networks at the border of the TN coverage.


Figure 1. Serving continuity between NTN and TN
Currently, for UEs in the NTN-only areas, it is stated in the TP that [1]:
	Furthermore, a UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell shall be assumed as baseline.


According to the TP, “long periodicity” will be configured for TN measurement in NTN-only areas. As UE may be moving, the “long periodicity” may delay the measurement for TN in some cases. For instance, when UE approaches the TN border while still in the “long periodicity”, it may not be able to perform TN measurement in time. As a result, the handover or cell reselection to TN is delayed. Therefore, it is better for the network to configure UE to perform the measurement for Terrestrial Networks the moment TN border is detected.    
Observation 1: For timely TN measurement, the “long periodicity” configuration should be stopped the moment TN border is detected.  
The calling off of the “long periodicity” relies on the TN border detection. So UE should be aware of the border of TN coverage as soon as it approaches. Then the network implementation can take care of the “long periodicity” via measurement configuration signalling or broadcast indication.
Observation 2: It is up to network implementation to configure UE to perform TN measurement immediately at the border of TN coverage.
As for how the gNB knows about the border information, there are two scenarios to consider:
· If there is information exchanging between the NTN and TN, gNB can know about the border information through Xn or core network interaction. 
· If there is no information exchanging between the NTN and TN, gNB should rely on assistance information from UEs to know about the border information. 
Proposal 1: The TN border information can be known by interaction between TN and NTN or by assistance information from UEs.
Proposal 2: Capture the TP in Annex into TR.
Conclusion
In this contribution, we discussed the service continuity between Non-Terrestrial and Terrestrial Networks and we get the following proposals:
Observation 1: For timely TN measurement, the “long periodicity” configuration should be stopped the moment TN border is detected.  
Observation 2: It is up to network implementation to configure UE to perform TN measurement immediately at the border of TN coverage.
Proposal 1: The TN border information can be known by interaction between TN and NTN or by assistance information from history UEs.
Proposal 2: Capture the TP in Annex into TR.
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------ Start of TP ---------

5.4.1 	Scope
The focus of the NTN-TN service continuity and mobility studies should be on mechanisms to minimize specification impact for cases where UE’s connectivity changes from the NTN to TN (‘hand-in’) and where UE’s connectivity changes from the TN to NTN (‘hand-out’). Coverage mechanisms, including inter-frequency and intra-frequency service continuity and mobility mechanisms are to be considered as baseline solutions. The NR Release 15-16 service continuity and mobility mechanisms shall be considered also for the NTN-TN service continuity and mobility studies.

5.4.2 	Reference scenario 
It is recommended to use a reference scenario for NTN-TN service continuity and mobility studies, defined as follows:
· A multi-cell TN network-border coverage is available according to an outdoor rural NR scenario (e.g. Table 6.1.3-1 in TR38.913)
· One NTN LEO satellite provides multi-cell coverage with moving cells on Earth (the satellite NR cells are modelled according to NTN assumptions, Table 6.1.1-1 & 4 in TR38.821 v0.7.0)
· Outdoor handheld (pedestrian) UEs or VSAT (vehicular relay) UEs are capable of TN and NTN connectivity (for NTN UE use Table 6.1.1-3 in TR38.821 v0.7.0)

5.4.3 	Assumptions 
The baseline solutions for NTN-TN service continuity and mobility shall rely only on the detection of TN coverage edge using RSRP/RSRQ threshold and/or PLMN indication. Furthermore, a UE configuration (provided by the serving RAN) with long periodicity (less frequent measurements) where the UE attempts to detect possible TN coverage even when being served by NTN cell shall be assumed as baseline.
Further enhancements including the use of any combination of RSRP/RSRQ threshold, PLMN indication, UE location, distance to cell center, are not precluded.
The NTN-TN service continuity and mobility mechanisms targeted to minimizing UE power consumption, e.g. DRX enhancement solutions are only a secondary priority.  
The study of dual-connectivity mechanisms between NTN and TN, in the baseline NTN-TN service continuity and mobility solutions is a secondary priority.

5.4.4   Solutions
The “long periodicity” configuration should be stopped the moment TN border is detected. And it is up to network implementation to configure UE to perform TN measurement immediately at the border of TN coverage via measurement configuration signalling or broadcast indication.
The TN border information can be known by interaction between TN and NTN or by assistance information from UEs, depending on the deployments.


Figure 5.1 Serving continuity between NTN and TN
------- End of TP ---------
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