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1   Introduction
The basic architectures of the NTN and reference scenarios were captured in TR 38.821 [1] as in the following table:

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


This contribution discuss the network identity issues for NTN.
The transparent satellites transfer the NR-Uu link, it seems then there is no network identity issues related to these scenarios. 
In this paper, we focus on the network identity issues for the regenerative satellites (both gNB on board and gNB-DU on board).
2   Discussion
2.1   Scenario B (GEO/Regenerative)
In case of scenario B, the satellite at GEO is earth fixed. It has a fixed position in the sky to ground observers, that is similar as the terrestrial RAN from UE. However, different from the terrestrial RAN, the coverage of a GEO satellite is very large, it may be cross-continental, cross-national and cross-regional scenarios in one satellite station. Hence, we should consider the PLMN issue. Refer to SA2 TR 23.737[2], there are three architectures in satellite access. One option is PLMNs with shared satellite access (MOCN architecture). In this case, a GEO satellite cell may be shared by a large number of PLMNs, which may exceed the current protocol restrictions (maximum number is 12). 
In principle the Geo satellite are out of scope of the study now, but considering the fact that the TR already capture the scenario, we prefer to capture text proposal in order to not let reader thinking that solution has no issues … 
Proposal 1: For satellite at GEO, if RAN sharing mechanism is reused, RAN3 should consider the maximum number of broadcast PLMNs by a cell. 
2.2   Scenario D1 (LEO steerable/Regenerative)
In case of D1, the LEO satellite beam foot print is earth fixed, i.e., the satellite can steer its beam towards a specific area for certain period. As shown in figure 1, the satellites cover the specific area in turn. 
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Figure 1. Illustration of Scenario D1
After the satellite provides service for a certain area for a period of time, it will steer into a new area. At this time, PLMN, TAC and AMF/CU in the new area may change, and the old area will be served by the new satellite. In this process, from the UE view, how to deal with the network identities to reuse the Cellular network mechanism should be considered:
1） Idle UE: assuming either the satellite coverage area, or the identities (eg., PLMN, TAC, PCI) should not change, the UE reception from the cell broadcast information is not change. Hence the UE can reuse the tracking and cell reselection as the terrestrial network. This should not impact the UE but this needs gNB (DU) to do some reconfiguration processing. How to do it needs further discussion.
2） Connected UE: The satellite needs to relocate the context of the connected UE to the next satellite. Then the new satellite should takes over UE from the previous satellite. The UE needs to be handled on the gNB (DU); if the AMF (DU) changes during a “static handover”, the satellite also needs to reconfigure the NG interface (F1 interface). A large number of signaling interactions occur during this process. How to reduce the number of signal interactions and relocate the contexts need to further discussion.
Proposal 2: Current mechanisms, such as handover, should be enhanced for scenario D1.
2.3   Scenario D2 (LEO move/Regenerative)
In case of D2, the cell identities binding to the satellite, and the cells sweep across the ground, UE can handover to target cell in order to keep session. The neighbour cell relationships may always change, which may impact the handover procedure. The network following issues shall be considered.
Network Identity impacts for gNB on satellite:
1） Network topology with “cell sweep”. The satellites may frequently update the neighbour cell and neighbour cell list (NCL) and neighbour relation table (NRT). This will impact the handover procedure, i.e., how the node will manage such cell from handover view. This may also impact RRM and SON functions
2） NCI recognize from Xn interfaces: The management of Xn interfaces beard on ISL also may become very frequent and uncertain. If the Xn interface could be built automatically, then the Xn interface establishment can help find neighbour cells. Otherwise, Using ephemeris/OAM information or ANR to trigger Xn interface configuration are possible solutions.

3） Potential PCI conflict issue. If the ground gNB and satellite gNB share PLMN, the LEO satellite moves over the earth, the LEO satellite will be the neighbour node of the terrestrial RAN, if the Frequency of NTN network is different from TN network, there is no PCI conflict issue between them. But, the conflict issue may occur among non-relatively-static satellites. ANR will be an important function to find out the problems.
Network Identities impacts for DU on satellite:

Similar problems to the gNB process in 1),3), the ground CU needs to considered. 
Proposal 3: The network identity  in scenario D2 (more generally for non-Geo) should be considered from the point of Network topology, the possible issue with NCI change, PCI conflict should be analysed. 

3   Conclusion
In this contribution, we discussed the network issues in non-terrestrial networks, and we have the following proposals:
We kindly ask RAN3 to agreed the 

Proposal 1: For satellite at GEO, if RAN sharing mechanism is reused, RAN3 should consider the maximum number of broadcast PLMNs by a cell. 
Proposal 2: Current mechanisms, such as handover, should be enhanced for scenario D1.
Proposal 3: The network identity in scenario D2 (more generally for non-Geo) should be considered from the point of Network topology, the possible issue with NCI change, PCI conflict should be analysed. 

4   Reference

[1]

TR 38.821, Solutions for NR to support non-terrestrial networks.
[2]       TR 23.737, Study on architecture aspects for using satellite access in 5G.
5   Annex: Text Proposal to TS 38.821

8.X
Network Identities Handling
8.x.1 General

Based on the architectures and scenarios, consider the network identity issues for NTN. As the transparent satellite only changes the frequency carrier of the uplink RF signal, filters and amplifies it before transmitting it on the downlink, it seems that there is no network identity issues. The network identity issues need to considered for the regenerative satellites (both gNB on board and gNB-DU on board).
8.x.2 Scenario B (GEO/Regenerative)
In case of scenario B, the satellite at GEO is earth fixed, such that it at a fixed position in the sky to ground observers, which is similar as the terrestrial RAN. However, different from the terrestrial RAN, the coverage of a GEO satellite is very large, it may be cross-continental, cross-national and cross-regional scenarios in one satellite station. Hence, we should consider the PLMN issue. Refer to SA2 TR 23.737[3], there are three architectures in satellite access. One option is PLMNs with shared satellite access (MOCN architecture). In this case, a GEO satellite cell may be shared by a large number of PLMNs, which may exceed the current protocol restrictions (maximum number is 12). 
8.x.3 Scenario D1  (LEO steerable/Regenerative)
In case of D1, the LEO satellite beam foot print is earth fixed, i.e., the satellite can steer its beam towards a specific area for certain period. As shown in figure 1, the satellites cover the specific area in turn. 
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Figure 1. Illustration of Scenario D1
After the satellite provides service for a certain area for a period of time, it will steer into a new area. At this time, PLMN, TAC and AMF/CU in the new area may change, and the old area will be served by the new satellite. In this process, from the UE view, how to deal with the network identities to reuse the Cellular network mechanism should be considered:
1） Idle UE: assuming either the satellite coverage area, or the identities (eg., PLMN, TAC, PCI) will not change, the UE reception from the cell broadcast information is not change. Hence the UE can reuse the tracking and cell reselection as the terrestrial network. This should not impact the UE but this needs gNB (DU) to do some reconfiguration processing. How to do it needs further discussion.
2） Connected UE: The satellite needs to relocate the context of the connected UE to the next satellite. Then the new satellite should takes over UE from the previous satellite. The UE needs to be handled on the gNB (DU); if the AMF (DU) changes during a “static handover”, the satellite also needs to reconfigure the  NG interface (F1 interface). A large number of signaling interactions occur during this process. How to reduce the number of signal interactions and relocate the contexts need to further discussion.
8.x.4 Scenario D2(LEO move/Regenerative) 
In case of D2, the cell identities binding to the satellite, and the cells sweep across the ground, UE can handover to target cell in order to keep session. But the neighbour cell relationships may always change, which may impact the handover procedure. The network following issues shall be considered.
1） Network topology with “cell sweep”. The satellites may frequently update the neighbour cell and neighbour cell list (NCL) and neighbour relation table (NRT). This will impact the handover procedure, i.e., how the node will manage such cell from handover view. This may also impact RRM and SON functions
2） NCI recognize from Xn interfaces: The management of Xn interfaces beard on ISL also may become very frequent and uncertain. If the Xn interface could be built automatically, then the Xn interface establishment can help find neighbour cells. Otherwise, Using ephemeris information or ANR to trigger Xn interface configuration are possible solutions.

3） Potential PCI conflict issue. If the ground gNB and satellite gNB share PLMN, the LEO satellite moves over the earth, the LEO satellite will be the neighbour node of the terrestrial RAN, if the Frequency of NTN network is different from TN network, there is no PCI conflict issue between them. But, the conflict issue may occur among non-relatively-static satellites. ANR will be an important function to find out the problems.
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