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1
Introduction
This contribution analyses the mobility issues in NTN satellite with earth-fixed beam, i.e. Scenario D1: Regenerative LEO (NTN beam foot print fixed on earth). 
2
Discussion

In a satellite with an earth-fixed beam, the beam foot print is earth fixed. The satellite can steer its beam towards a specific area for certain period. After some time, all the beams will be moving away from their corresponding footprints, and the satellites will reassigns each beam to a new fixed footprint.
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Figure 1: Earth-fixed beam (example)
2.1
IDLE UE 

Since the coverage of the earth-fixed beam is fixed to a specific area on the ground for a certain period, it is straightforward to reuse the Tracking Area design in cellular network. Similar to cellular network, the area on the ground can be assigned with a Tracking Area Code. 
For an IDLE NTN UE, it will behave the same as traditional cellular UE. The UE uses the TAC broadcasted by the satellite to detect whether it remains in the Registration Area. A stationary UE always sees the same TAC associated with its geo-area. The mobility for IDLE UE can use the same mechanism as traditional cellular UE. No enhancement is needed. 
Observation 1: for IDLE UE, current IDLE UE mobility mechanism can be reused. No enhancement is needed.
2.2
CONNECTED UE
After a period of time, the satellite beams need to be reassigned to the next service area. When the satellite beam is reassigned to a new area on the ground, all the CONNECTED UEs served by the previous satellite beam will be served by the new satellite beam. For example, at 10:00:00, satellite beam#1, #2, #3, #4, #5 and #6 are assigned for area #A, #B, #C, #D, #E, and #F respectively. At 10:00:01, all satellite beams are reassigned, i.e. beam#1, #2, #3, #4, #5 and #6 serves area #B, #C, #D, #E, #F and #G respectively. If all satellite beams are reassigned simulatenously, it may cause significant signalling. For a specific satellite beam, it needs to perform outband handover for all its served UEs. At the same time, the satellite beam need to accept inbound handovers for UEs in the next service area. 
· For architecture option with full gNB on satellite. 

The signalling generated during the satellite beam reassignment includes the air interface signalling (RRC Reconfiguration to UE), Xn/NG handover signalling (in case the UEs will be served by the beam of a different satellite), and path switch signalling.

· For architecture option with only gNB-DU on satellite

The signalling generated during the satellite beam reassignment includes the air interface signalling (RRC Reconfiguration to UE), F1 signaling for RRC message transfer and UE context transfer, Xn/NG handover signalling (in case the UEs will be served by a different CU on the ground), and path switch signalling.

The LEO scenarios which use fixed (cell/beam) footprint on Earth (Scenario C1 and D1), thus require a satellite beam reassigment mechanism, are analysed in more details from radio mobility persepective in [5]. Further study is needed to reduce the signalling load during the satellite beam reassignment.
Proposal 1: for CONNECTED UE, further study is needed to reduce the signalling load during the satellite beam reassignment. 
3
Conclusions
In this contribution we have analysed the mobility issues for Non Terrestrial Network with earth-fixed beam. Our observations and proposals are: 

Observation 1: for IDLE UE, current IDLE UE mobility mechanism can be reused. No enhancement is needed.
Proposal 1: for CONNECTED UE, further study is needed to reduce the signalling load during the satellite beam reassignment. 
We propose to capture the issue in the TR. (refer to the TP at the end of this contribution) 
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8.x
Mobility aspects for Earth-fixed beam
In a satellite with an earth-fixed beam, the beam foot print is earth fixed. The satellite can steer its beam towards a specific area for certain period. After some time, all the beams will be moving away from their corresponding footprints, and the satellites will reassigns each beam to a new fixed footprint.
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Figure x.1: Earth-fixed beam (example)
8.x.1
IDLE UE 

Since the coverage of the earth-fixed beam is fixed to a specific area on the ground for a certain period, it is straightforward to reuse the Tracking Area design in cellular network. Similar to cellular network, the area on the ground can be assigned with a Tracking Area Code. 
For an IDLE NTN UE, it will behave the same as traditional cellular UE. The UE uses the TAC broadcasted by the satellite to detect whether it remains in the Registration Area. A stationary UE always sees the same TAC associated with its geo-area. The mobility for IDLE UE can use the same mechanism as traditional cellular UE. No enhancement is needed. 

8.x.2
CONNECTED UE

After a period of time, the satellite beams need to be reassigned to the next service area. When the satellite beam is reassigned to a new area on the ground, all the CONNECTED UEs served by the previous satellite beam will be served by the new satellite beam. For example, at 10:00:00, satellite beam#1, #2, #3, #4, #5 and #6 are assigned for area #A, #B, #C, #D, #E, and #F respectively. At 10:00:01, all satellite beams are reassigned, i.e. beam#1, #2, #3, #4, #5 and #6 serves area #B, #C, #D, #E, #F and #G respectively. If all satellite beams are reassigned simulatenously, it may cause significant signalling. For a specific satellite beam, it needs to perform outband handover for all its served UEs. At the same time, the satellite beam need to accept inbound handovers for UEs in the next service area. 

· For architecture option with full gNB on satellite. 

The signalling generated during the satellite beam reassignment includes the air interface signalling (RRC Reconfiguration to UE), Xn/NG handover signalling (in case the UEs will be served by the beam of a different satellite), and path switch signalling.

· For architecture option with only gNB-DU on satellite

The signalling generated during the satellite beam reassignment includes the air interface signalling (RRC Reconfiguration to UE), F1 signaling for RRC message transfer and UE context transfer, Xn/NG handover signalling (in case the UEs will be served by a different CU on the ground), and path switch signalling.

The LEO scenarios which use fixed (cell/beam) footprint on Earth (Scenario C1 and D1), thus require a satellite beam reassigment mechanism, are analysed in more details from radio mobility persepective in [5]. Further study is needed to reduce the signalling load during the satellite beam reassignment.
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