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Introduction
Handover is a main issue addressed for mobility in NTN system, the objective of this issue is given below:
	· 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]



In RAN2#105 meeting, some basic agreements are made for NTN mobility [1]:

Agreements:
=>	The observations will be captured in the TR.  The rapporteur will capture this in the TR.
=>	UE location and satellite ephemeris information would be beneficial.  
=>	The TR will capture the characteristic of the measurement variations in satellite systems 
=>	NTN specific aspects related CHO can be studied in the RAN2#106 meeting.


Agreements
1	The details of the satellite ephemeris can be captured in the TR.

In this document, we’d like to discuss solutions for UE mobility in connected mode.
Discussion
In TN system, cell is fixed once deployed by operator, but the UE is moving in an unpredictable way.  In order to control the mobility for UE in connected mode efficiently, the network needs UE measurement report to assist the serving cell to choose a feasible target cell for the UE. 
Observation 1: In TN system, the mobility for UE in connected mode is based on UE measurement report.
As for NTN system, the situation is quite different. All the satellites apart from GEO have speed relative to ground and the satellite cells are moving by time but in a predictable way.
Observation 2: In NTN system, all the satellites apart from GEO are moving by time relative to ground but in a predictable way.
 
According to the latest TP in TR38.821 [2], six basic scenarios are considered as depicted in Table 1:
Table 1: Reference scenarios
	
	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



To make the analysis for UE mobility easy, we list all the possible handover cases in Table 2:
	
	Handover Cases
	Serving cell
	Target cell

	  
Inter-satellite
	Case1
	GEO
	GEO

	
	Case2
	GEO
	LEO

	
	Case3
	LEO
	GEO

	
	Case4
	LEO
	LEO

	Intra-satellite
	Case5
	GEO
	GEO

	
	Case6
	LEO
	LEO



We don’t think there is necessary to discuss the cases above one by one. We can talk about some common baseline to cover all the cases. In RAN2#104 meeting, we agree to capture the details of the satellite ephemeris into TR38.821, so it’s natural to consider satellite ephemeris based handover mechanism in NTN system. But in TR 38.821, we also assume not all UEs are capable of positioning, so we can’t assume that the network can always get UE location info to assist the satellite ephemeris based handover mechanism. If some UEs are not capable of positioning, we think NR R15 handover mechanism can be as a baseline.
Proposal 1: For UEs not capable of positioning, NR R15 handover mechanism can work as a baseline.
If UEs are capable of positioning, the location info of UEs can be used to assist the satellite ephemeris based handover mechanism.
Proposal 2: For UEs capable of positioning, the location info of UEs can be used to assist the satellite ephemeris based handover mechanism.
As for intra-satellite handover case, some adjustments are needed. If the satellite can get the UE location information, the satellite can know which neighbor cell is more feasible for intra-satellite handover based on UE location info and the cell distribution info within the satellite. But how the satellite knows its cell distribution info within the satellite is more like an implementation issue. 
Proposal 3: For intra-satellite handover case, how the satellite knows its cell distribution info within the satellite is up to implementation.
If there is only one cell within a satellite, UE mobility within a satellite is more like a beam management issue, RAN1 will handle this part.
Proposal 4: RAN1 will lead the discussion for beam management based UE mobility.
Conclusion
In conclusion, we propose the followings:
Observation 1: In TN system, the mobility for UE in connected mode is based on UE measurement report.
Observation 2: In NTN system, all the satellites apart from GEO are moving by time relative to ground but in a predictable way.
Proposal 1: For UEs not capable of positioning, NR R15 handover mechanism can work as a baseline.
Proposal 2: For UEs capable of positioning, the location info of UEs can be used to assist the satellite ephemeris based handover mechanism.
Proposal 3: For intra-satellite handover case, how the satellite knows its cell distribution info within the satellite is up to implementation.
Proposal 4: RAN1 will lead the discussion for beam management based UE mobility.
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