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[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   Possible enhancements
5.4.4.1 Detection of TN coverage when UE is served by a NTN cell
The baseline solutions for NTN-TN service continuity and mobility shall rely on the detection of TN coverage edge. The detection of TN coverage edge may be performed by UE or network indication:
Detection of TN coverage by UE:	Comment by HUAWEI: Proposed by Email Discussion R2-1910692
The detection of TN coverage edge can be performed by the UE using RSRP/RSRQ threshold, UE location, or distance to cell centre.	Comment by ZTE: How can UE know the distance to a TN cell centre? I guess we should not expose the detailed location of TN/gNB to UE.
Detection of TN coverage by network indication:	Comment by HUAWEI: Proposed by HW
The TN coverage edge can be indicated to UE by network, e.g. RRC signalling, PLMN indication or reconfiguration for measurement.
The edge of TN coverage can be known by network based on the two solutions listed below, depending on the network deployment of TN and NTN:
· In case there is network interface between NTN and TN, the network can know about the TN coverage edge information through Xn or S1 interaction. 
· In case there is no network interface between NTN and TN, the network 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. 
Proximity indication based TN cell detection

	
Figure 5.4.4.1-1: Proximity indication
Similar as the proximity indication procedure defined for CSG detection in LTE (as shown in Figure 5.4.4.1-1) [TS36.331], the Proximity indication procedure can also be reused for the TN cell detection, in case UE is connected to NTN cell.
In this procedure, it is up to NW to configure in RRC reconfiguration message that whether the proximity indication is required for TN cells, in which PLMN information can be included to restrict the TN cell which can trigger the proximity indication and frequency information can be included to assist the TN cell detection.
If the proximity indication procedure for TN cell is configured, the UE should try to detect the TN cell based on an autonomous search function. Once TN cell with corresponding PLMN ID, if configured, is detected by UE, the UE should send proximity indication to NW to inform NW the detected TN cell.
	Comment by HUAWEI: Proposed by ZTE


Figure 5.4.4.x  Detection of TN coverage by network indication 
For TN to NTN service continuity, UE may autonomously select NTN at the end of TN coverage. Alternatively, TN may provide NTN frequencies as measurement configuration. For NTN to TN service continuity, UE may search TN with a priority as cell quality based mobility may not work.	Comment by HUAWEI: Proposed by NEC
Transition gNB deployed between TN coverage and NTN coverage:	Comment by 陈喆: Proposed by NEC
A transition gNB may be deployed at the border between TN coverage and NTN coverage. This transition gNB uses NTN band, which introduces no addition measurement signalling for the UE to be aware of the TN coverage. Since usually the radio quality of TN network is better than NTN network, the UE will perform handover/re-selection towards this transition gNB. Then the gNB can configure TN band measurement to UE, in order to assist the UE to handover/re-select to another TN gNB with TN band. 	Comment by ZTE:  Do we really need to capture such kind of NW deployment? We don’t have strong view but it seems not quite useful and will have no spec impact.
 We are not sure about the assumption that “the radio quality of TN network is usually better than NTN network.” In our undertsanding, the RSRP/RSRQ of the NTN cell can be larger than a TN cell in some area and that is why UE is now camping on a NTN cell in the given example.
[NEC] From the perspective of spec modification, I think no spec modification is the less effort approach. As you commented the signaling quality of TN is better than NTN network, which is confirmed in the TR. But I also agree that in the cell edge of the TN gNB, NTN RSRP/RSRQ should be better than TN. I will further add some enhancement to ensure the handover/re-selection happens. 	Comment by ZTE: In our undertstanding, the proposed solution is all about deployment which does not need to be included in the TR.
In addition, in order to ensure the UE performs cell reselection from NTN gNB to TN gNB, the following mechanism can be considered:
Option 1: TN transition gNB broadcasts an indication in SIB, to indicate the special function as a transition gNB. UE will prioritize this gNB for cell reselection. 	Comment by ZTE: The option 1 and option 2 are not workable if UE follows the Rel-15 cell selection and reselection procedure.
The cell reselection priority is configured per frequency. For the cells in the same frequency, UE will rank all the cells for which the S-criterion is satisfied (i.e. the RSRP/RSRQ of the cell is beyond a certain level) to find the strongest cell, e.g. a cell with the highest RSRP/RSRQ. UE will then camp on such a cell and receive system information from this cell.

For option 1: If the transition cell is not the highest ranked one in the highest priority frequency, UE will not try to camp on this cell and will not receive the system information from this cell. Thus, UE will never see the indication saying it is a transition cell or transition gNB.

For option 2: Similarly, although the frequency has been prioritized, it cannot be guranteed that the transit cell will be the strongest cell.Thus, it can not be gurantted that UE will camp on such a cell for service.
Option 2: The NTN gNB configures the frequency of transition gNB the highest priority, so that the UE will re-select to this TN transition gNB. 



Figure 5.4.4.x  Detection of TN coverage by network indication

5.4.4.2 PCI confusion between TN cells when UE is served by a NTN cell
Since the coverage of NTN cell is quite large, and lots of TN cells will be covered by a single NTN cell, the PCI confusion seems inevitable. In Rel-15, the PCI confusion is solved by a following CGI reporting procedure, which will introduce considerable delay, especially in NTN case (e.g. large RTT delay). 
To avoid the extra delay caused by a separate CGI reporting procedure, one potential enhancement is to support the CGI reporting in periodical measurement report and event triggered measurement report (i.e. include the CGI information in the periodical report and event triggered report). 
In the enhancement, it is up to NW to configure whether CGI information is required in periodical/event triggered measurement report or not. Once CGI information is required, the UE should try to read the CGI of qualified cells (according to the event configured) based on an autonomous search function, and include CGI information together with PCI in the measurement report.


Figure 5.4.4.y  CGI report in NTN

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