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1. [bookmark: OLE_LINK9]Introduction
A new SI on solutions evaluation for NR to support Non Terrestrial Network was approved at RAN#80[1]. And after discussion at RAN3#101, RAN3 has achieved a first draft of 38.812[2], capturing the potential scenarios and architectures.
The objects for high-layer of this SI is as following:
Layer 2 and above, and RAN architecture

· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

In this contribution, we give some initial analysis for the mobility aspects of Non Terrestrial Network.
2. Discussion
In NTN, there can be satellite at GEO or NGEO (Non-GEO). For satellite at GEO, the satellite is earth fixed. So from the perspective of ground observers, the satellite is at a fixed position, just like the traditional gNB in the terrestrial network. While for satellite at NGEO, the satellite moves with high speed over the earth. So besides the UE mobility caused by the UE movement itself, the NGEO satellite mobility and the UE mobility caused by the NGEO satellite mobility should also be considered in NTN.
Observation 1: Besides the UE mobility caused by the UE itself, the NGEO satellite mobility and the UE mobility caused by the NGEO satellite mobility should also be considered in NTN.
Three main scenarios are discussed and introduced in [2], including Bentpipe satellite, Regenerative satellite and on-board gNB(s), and Regenerative satellite and split gNB. For all the three scenarios, there’s a head station equipped on the earth. That is the gNB for Bentpipe satellite, the so called “satellite gateway” (Sat-GW for short hereafter) for Regenerative satellite and on-board gNB(s) and the gNB-CU for Regenerative satellite and split gNB. In the following, we will discuss the NGEO satellite mobility and UE mobility respectively for the three scenarios.
2.1 NGEO satellite mobility
When a satellite moves from one head station to another, the following two aspects should be considered:
· The handling of the interface between the satellite and the head station;
· The handling of the UE context (especially for stationary or quasi-stationary UEs, i.e. the UE location remains within a geography area compared to the satellite); 
Bentpipe satellite
· Interface handling
The satellite acts just like a RF repeater, no payload, no MT/gNB function on board. So handling of the feeder link/interface between the satellite and the head station can be left to implementation, i.e. no specification effort is needed.
Observation 2: For bentpipe satellite, the interface handling between the satellite and the head station can be left to implementation.
· UE context handling
[bookmark: OLE_LINK3][bookmark: OLE_LINK1]With the high speed movement of the satellites, the serving satellite/beam/cell for an earth stationary (or quasi-stationary) UE will be changed every tens of minutes, e.g. in a LEO network. Given that, in the geography area that satellites would move from one gNB to another successively, efforts should be made to avoid forwarding UE context to and fro between the two neighbor gNBs frequently.
Observation 3: For bentpipe satellite, efforts should be made to avoid moving UE context to and fro between the two neighbor gNBs frequently.
Regenerative satellite and on-board gNB(s)
· Interface handling
The interface handling depends on the modelling/architecture of the feederlink. There can be two possible ways:
Alt.1 Implementation based feederlink management
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Figure.1 Implementation based feederlink (for regenerative satellite and on-board gNB(s))
In this case, there’s no UE function on satellite. The management of NG interface over SRI (e.g. NG interface change from one Sat-GW to another) can be left to implementation. For instance, the NG interface can be switched (setup and release) according to ephemeris.
Alt.2 Relay/IAB architecture based feederlink
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Figure.2 Relay/IAB architecture based feederlink (for regenerative satellite and on-board gNB(s))
Take the relay architecture or one-hop IAB Architecture 2b as an example. In this case, there’s UE/MT function embedded on Sat-gNB. And there’s gNB function for MT and AMF/UPF function for Sat-gNB on Sat-GW correspondingly. The Sat-gNB appears as a UE to the Sat-GW. The management of NG interface is as a result of MT handover between two Sat-GWs.
Observation 4: For regenerative satellite and on-board gNB(s), the NG interface handling depends on the modelling/architecture of the feederlink. The management of NG interface can be:
· Left to implementation; or,
· Coupled as a result of MT (embedded on Sat-gNB) handover between two Sat-GWs;
· UE context handling
In this case, UE context stores in the on board gNB. It’s straightforward to forward UE context to the succeeding serving satellite.
Observation 5: For regenerative satellite and on-board gNB(s), UE context needs to be forwarded to the succeeding serving satellite.  
Regenerative satellite and split gNB
· Interface handling
The interface handling in this scenario depends also on the modelling/architecture of the feederlink. Similarly, there can also be two possible ways:
Alt.1 Implementation based feederlink
[image: ]
Figure.3 Implementation based feederlink (for regenerative satellite and split gNB)
In this case, there’s no UE function on satellite (gNB-DU). The management of F1 interface over SRI (e.g. F1 interface change from one gNB-CU to another) can be left to implementation. For instance, the F1 interface can be switched (setup and release) according to ephemeris.
Alt.2 Relay/IAB architecture based feederlink
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Figure.4 Relay/IAB architecture based feederlink (for regenerative satellite and split gNB)
Take the one-hop IAB Architecture 1b as an example. In this case, there’s UE/MT function embedded on gNB-DU. And there’s DU function for MT and AMF/UPF function for the satellite on gNB-CU correspondingly. The gNB-DU appears as a UE to the gNB-CU. The management of F1 interface is as a result of MT handover between two gNB-CUs.
Observation 6: For regenerative satellite and split gNB, the F1 interface handling depends on the modelling/architecture of the feederlink. The management of F1 interface can be:
· Left to implementation; or,
· Coupled as a result of MT (embedded on gNB-DU) handover between two gNB-CUs;
· UE context handling
In this case, UE context stores in the gNB-CU on the earth. Similar as for bentpipe satellite scenario, in the geography area that gNB-DUs move from one gNB-CU to another successively, efforts should be made to avoid forwarding UE context to and fro between the two neighbor gNB-CUs frequently.
Observation 7: For regenerative satellite and split gNB, efforts should be made to avoid moving UE context to and fro between the two neighbor gNB-CUs frequently.
The above analysis is summarized in Table 1.
	
	Interface handling
	UE context handling

	Bentpipe satellite
	Left to implementation
	Should avoid moving UE context to and fro between the two neighbor gNBs frequently.

	Regenerative satellite and on-board gNB(s)
	Depends on the modelling/architecture of the feederlink:
· Left to implementation; or,
· Coupled as a result of MT (embedded on Sat-gNB) handover between two Sat-GWs;
	Move UE context to the succeeding serving satellite.

	Regenerative satellite and split gNB
	Depends on the modelling/architecture of the feederlink:
· Left to implementation; or,
· Coupled as a result of MT (embedded on gNB-DU) handover between two gNB-CUs;

	Should avoid moving UE context to and fro between the two neighbor gNB-CUs frequently


Table.1 Mobility aspects for NGEO satellite mobility
Proposal 1: Discuss and capture the mobility aspects for NGEO satellite mobility in 38.812.
2.2 UE mobility
[bookmark: OLE_LINK2]In NTN system, besides the traditional UE mobility caused by the UE movement itself, large number of UE mobility may be caused by the NGEO satellite mobility. For the traditional UE mobility caused by UE itself, the basic handover procedure specified in NR should be taken as a baseline. Whether enhancement solutions overlapping with the NR mobility WI [3] could be applied for NTN should be discussed after they are finalized in the NR mobility WI. Given that, UE mobility caused by the NGEO satellite mobility should be prioritized in the NTN SI.
Typically, a single satellite generates several beams over a given service area bounded by its field of view. And the individual beams generated by a single satellite can operate with different frequencies and PCIs, thus generate different cells. So generally speaking, for UE mobility caused by the NGEO satellite mobility, it can be classified into the following two cases:
Intra-gNB/satellite handover: including intra-gNB handover for bentpipe satellite, intra-gNB handover for regenerative satellite and on-board gNB(s), intra-DU handover for regenerative satellite and split gNB;
Inter-gNB/satellite handover: including inter-gNB handover for bentpipe satellite, inter-gNB handover for regenerative satellite and on-board gNB(s) (either intra-GW or inter-GW), inter-DU handover for regenerative satellite and split gNB (either intra-CU or inter-CU);
Similar as for the traditional UE mobility caused by the UE movement itself, in case of intra-gNB handover caused by the mobility of satellite, the basic handover procedure specified in NR should be taken as a baseline. While whether enhancement solutions overlapping with the NR mobility WI could be applied should be discussed after they are finalized in the NR mobility WI. So given the above considerations, inter-gNB UE mobility caused by the NGEO satellite mobility should be prioritized in the NTN SI.
Proposal 2: For the traditional UE mobility caused by the UE movement itself and the case of intra-gNB handover caused by the mobility of satellite, the basic handover procedure specified in NR should be taken as a baseline. Whether enhancement solutions overlapping with the NR mobility WI could be applied should be discussed after they are finalized in the NR mobility WI.
[bookmark: OLE_LINK4]Proposal 3: Inter-gNB UE mobility caused by the NGEO satellite mobility should be prioritized in the NTN SI.
With the fast moving of the satellites, one significant challenge in NTN system is that the serving satellite/beam/cell for an earth stationary (or quasi-stationary) UE will be changed frequently, e.g. every tens of minutes in the case of LEO network. So the UE mobility caused by the NGEO satellite mobility should pay more attentions to:
· Avoid frequent UE context move;
· Avoid excessively security key update;
· Minimize service interruption;
Proposal 4: The UE mobility caused by the NGEO satellite mobility should pay more attentions to:
· Avoid frequent UE context move;
· Avoid excessively security key update;
· Minimize service interruption;
Proposal 5: Capture proposal 2~4 in 38.812.
3. Conclusion and proposals
In this contribution, we give some initial analysis for the mobility aspects of Non Terrestrial Network with the following observations and proposals:
Observations:
Observation 1: Besides the UE mobility caused by the UE itself, the NGEO satellite mobility and the UE mobility caused by the NGEO satellite mobility should also be considered in NTN.
Observation 2: For bentpipe satellite, the interface handling between the satellite and the head station can be left to implementation.
Observation 3: For bentpipe satellite, efforts should be made to avoid moving UE context to and fro between the two neighbor gNBs frequently.
Observation 4: For regenerative satellite and on-board gNB(s), the NG interface handling depends on the modelling/architecture of the feederlink. The management of NG interface can be:
· Left to implementation; or,
· Coupled as a result of MT (embedded on Sat-gNB) handover between two Sat-GWs;
Observation 5: For regenerative satellite and on-board gNB(s), UE context needs to be forwarded to the succeeding serving satellite.  
Observation 6: For regenerative satellite and split gNB, the F1 interface handling depends on the modelling/architecture of the feederlink. The management of F1 interface can be:
· Left to implementation; or,
· Coupled as a result of MT (embedded on gNB-DU) handover between two gNB-CUs;
Observation 7: For regenerative satellite and split gNB, efforts should be made to avoid moving UE context to and fro between the two neighbor gNB-CUs frequently.
Proposal 1: Discuss and capture the mobility aspects for NGEO satellite mobility in 38.812.
Proposal 2: For the traditional UE mobility caused by the UE movement itself and the case of intra-gNB handover caused by the mobility of satellite, the basic handover procedure specified in NR should be taken as a baseline. Whether enhancement solutions overlapping with the NR mobility WI could be applied should be discussed after they are finalized in the NR mobility WI.
Proposal 3: Inter-gNB UE mobility caused by the NGEO satellite mobility should be prioritized in the NTN SI.
Proposal 4: The UE mobility caused by the NGEO satellite mobility should pay more attentions to:
· Avoid frequent UE context move;
· Avoid excessively security key update;
· Minimize service interruption;
Proposal 5: Capture proposal 2~4 in 38.812.
A draft TP is provided in our companion contribution [4].
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