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Introduction
Service continuity between TN and NTN contributes to improving the system robustness, which is a major topic in pervious discussions for mobility issues. In RAN2 #107 meeting, an email discussion related to NTN-TN service continuity was discussed and the following was agreed:
Agreements
1	RAN2 to use the outdoor service continuity scenario defined above as reference scenario for the NTN-TN service continuity and mobility studies 
5	RAN2 to deprioritize the study of the power consumption optimization mechanism in the baseline NTN-TN service continuity and mobility mechanism solutions.
6 	RAN2 to deprioritize the study of the dual-connectivity mechanism in the baseline NTN-TN service continuity and mobility mechanism solutions.
In this contribution, we will further analyse the issue of the current mechanism of NTN-TN service continuity captured in the TR.
Discussion
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. There are common characteristics in typical NTN scenarios where incredibly large areas are involved without normal coverage. For most of the time, UE may not be able to have access to the Terrestrial Networks. Thus 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, which is beneficial for power saving. Though the NTN have better coverage as mentioned above, they have lower radio quality than the TN in the continent where both NTN and TN have coverage. Therefore to improve the Quality of Service of the communication, it is better for UE to switch to the TN the moment it comes near the edge of the TN coverage.
However, according to the current mechanism, the “long periodicity” may delay the measurement for TN in some cases. An Example is given in Figure 1 where UE enters the near-edge NTN cell at T1 and leaves at T2. As from T1 to T2, UE stays in the “long periodicity”, it is not able to perform TN measurement. Consequently, the handover or cell reselection to TN is delayed. To avoid this issue, it is better for the gNB to configure UE to perform the TN measurement once the UE enters the near-edge NTN cell. 
Observation 1: the “long periodicity” configuration may prevent UE from detecting TN cell timely. 

 
Figure 1. Long periodicity at edge of the TN coverage leading to delayed TN measurement 
The calling off of the “long periodicity” relies on the gNB being aware of the TN coverage edge. So that the network can configure the UE to perform normal TN measurement immediately via RRC signalling or broadcast indication.
Proposal 1: The gNB should be aware of the the near-edge deployment. And network can configure the UE to perform normal TN measurement via RRC signalling or system information.
As for how the NTN gNB knows about the near-edge information, there are two situations to consider:
· In case there is network interface between NTN and TN base stations, gNB can know about the TN coverage edge information through Xn or S1 interaction. 
· In case there is no network interface between NTN and TN base stations, gNB should rely on assistance information from history UEs to know about the TN coverage edge information. For instance, when a history UE reselect from TN cell to NTN cell, the information is useful for the NTN cell to detect itself as a near-edge cell. So that the UEs afterwards can benefit from the measurement periodicity configuration of the near-edge cell. 

 
Figure 2. UE performs TN measurement at TN edge 
Therefore, we propose:
Proposal 2: The edge of TN coverage can be known by network interaction or by assistance information from history UEs.
Proposal 3: Capture the TP in Annex into the TR.
Conclusion
In this contribution, we discuss NTN-TN service continuity and have the following observation and proposals:
Observation 1: the “long periodicity” configuration may prevent UE from detecting TN cell timely. 
Proposal 1: The gNB should be aware of the the near-edge deployment. And network can configure the UE to perform normal TN measurement via RRC signalling or system information.
Proposal 2: The edge of TN coverage can be known by network interaction or by assistance information from history UEs.
Proposal 3: Capture the TP in Annex into the TR.
References
[1] R2-1910692, Report of Email Discussion [106#72] [NR/NTN] TP on NTN-TN Service continuity, Nokia 
Text proposal
------- Start of TP ---------

[bookmark: _Toc23403898]5.4	Service continuity between NTN and Terrestrial Networks
In 3GPP TS 22.261 (Clause 6.2.3	Service continuity requirements), for a 5G system with satellite access, the following requirements apply:
-	The 5G system shall support service continuity between 5G terrestrial access network and 5G satellite access networks owned by the same operator or owned by 2 different operators having an agreement.
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Figure 5.4-1: Typical example of NTN-TN interworking 
FFS: The NTN and TN could either operate in two different frequency bands (e.g. FR1 vs FR2), or in same frequency band (e.g. FR1 or FR2).
The NTN reference scenarios as listed in chapter 4.2 considers two types of NTN UEs, a) UE with Omni directional antenna, b) UE with directive antenna. For the support of NTN-TN service continuity use cases, assumptions on UE characteristics considering NTN use cases are listed in the below table:
Table 5.4-1: NTN use cases mapped to TN-NTN service continuity use cases and assumptions for frequency band and UE characteristics.
	NTN Use case 
	NTN-TN service continuity use case
	Assumptions for UE characteristics

	Stationary UE (eMBB) Pedestrian UE (eMBB) 

Machine UE (mMTC)
	Medium/high throughput – TN or NTN (LEO)
Low to medium throughput NTN (GEO)
	The UE is assumed to have TN and NTN connectivity capabilities.
The UE has omni-directional antenna type applicable to both TN and NTN connectivity.
The NTN access may operate in frequency bands below or above 6 GHz

	
Stationary/Vehicular relay UE (eMBB) 

[Relay UE on vehicles or ships
Relay UE on high speed trains
Relay UE on board airplanes]

	Medium/high throughput – TN or NTN (LEO)
Medium/high throughput NTN (GEO)
	The relay UE is assumed to have TN and NTN connectivity capabilities and provides service to the TN only capable UEs outdoor or inside buildings, vehicle or train/airplane, respectively.
The vehicular relay UE can have different antenna types for TN and NTN connectivity. 
The NTN access may operate in frequency bands below or above 6 GHz



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)
· 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)

5.4.3 	Assumptions 
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
For timely TN measurement, the “long periodicity” configuration should be stopped the moment UE enters the near-edge NTN cell. Network can configure the UE to perform normal TN measurement via RRC signalling or system information at the border of TN coverage. 
The edge of TN coverage can be known by network interaction if allowed or by assistance information from history UEs, depending on the network deployment of TN and NTN. The two solutions are list below:
· In case there is network interface between NTN and TN base stations, gNB can know about the TN coverage edge information through Xn or S1 interaction. 
· In case there is no network interface between NTN and TN base stations, gNB should rely on assistance information from history UEs to know about the TN coverage edge information. For instance, when a history UE reselect from TN cell to NTN cell, the information is useful for the NTN cell to detect itself as a near-edge cell. So that the UEs afterwards can benefit from the measurement periodicity configuration of the near-edge cell. 




Figure 1. Long periodicity at edge of the TN coverage leading to delayed TN measurement



Figure 2. UE performs TN measurement at TN edge 

------- End of TP ---------
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