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1 Introduction
The previous RAN2 meetings made the following agreements regarding mobility for NTN:
Agreements:

=>
UE location and satellite ephemeris information would be beneficial.  

=>

NTN specific aspects related CHO can be studied in the RAN2#106 meeting.
=>

The use of satellite ephemeris, time and UE location can be used in the RAN for mobility purposes in NTN

According to TR38.811, the NTN platforms typically generate several beams with footprints over a given area. A footprint can be static or mobile with a size of hundreds of kilometres in diameter. While the ephemeris reveals the position of the satellite, the footprint can represent the actual location of the satellite cell on the ground. Therefore the footprint information of Satellite beams and cells can be used for enhancements in mobility management as well. In this contribution we discuss mobility for GEO using footprint information along with satellite ephemeris and UE location.
2 Discussion
In TR38.811, a special characteristic called “footprint” is mentioned for NTN platforms, which is the projection of a satellite beam (typically elliptic shape) on the ground. These platforms operate above 8km and thus make the size of a footprint up to 1000km in diameter. 
2 different cell vs satellite beam scenarios were discussed and supported: 

Option A, PCI is shared between satellite beams and one satellite beam may be formed of one or several SSB beams, i.e. multiple SSBs are allowed in one cell.

Option B, one PCI per each satellite beam, i.e. each satellite beam forms its own cell.

Unlike the irregular projection of a beam from a ground gNB affected by buildings and reflections, the shape and the coverage of a satellite beam footprint is stable or predictable. The footprint information, e.g. footprint size, focus and movement, can be used as assistance for beam-level & cell-level mobility management.
Intra-cell Beam Switching
In NR intra-cell beam switching can be triggered only by Beam Failure Recovery (BFR). For BFR procedure, the UE detects the beam quality (PDCCH BLER) and if it is larger than a threshold, an indication will be sent to UE MAC. If BeamFailureInstanceMaxCount indications are received in a period of time, UE will send BFR request to gNB and gNB will response accordingly.
This “detect-request-response” mechanism is reasonable for conventional ground deployment considering that propagation latency over Uu is ignorable (i.e. less than 0.1ms) and the beam is variable and unpredictable. But for NTN the single trip propagation latency over Uu can be up to 271ms (GEO, bent-pipe). This indicates that the UE may suffer high BLER in more than 540ms (request-response round trip), which will surely affect the service continuity and degrade the user experience.
Observation 1: For NTN the high propagation latency over Uu has impact on the service when beam failure occurs.

The footprint information hereby can be used to assist beam switching. For example in Option A, when a UE moves towards the boundary of two footprints (serving and neighbouring beams), or the distance to the focus of a neighbouring beam increases continuously and will be smaller than that of the serving beam, beam switch can be triggered prior to detecting a high BLER.
Connected Mobility
Similar to intra-cell beam switching, handover in connected mode requires UE-gNB signalling (e.g. command and execution) and inter gNB signalling (HO preparation) as well, which will be affected by high propagation latency over Uu or inter-satellite link.

Observation 2: For NTN the high propagation latency over Uu or inter-satellite link has impact on the service when handover occurs.

The footprint information can be used to assist handover prediction and execution as well. For both Option A and B, when the UE’s location is up to proximity of the cell edge or even before the UE reaches the cell edge, serving gNB can start to perform handover preparation with the neighbouring target gNB, e.g. selecting the target gNBs within the range of the target gNBs with footprints located in the next points of the UE’s path to forward the UE context in advance and pre-configure the radio resource for the UE in the target gNBs. Handover between an NTN cell and a ground cell can use this information as well.
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Figure 1 Footprint information assists intra-cell beam switching and connected handover
Therefore, it is expected that the NTN make full use of the footprint information.

Proposal 1: Footprint information can be utilized to enhance mobility management (e.g. CHO) for GEO satellites.
3 Conclusions
In this contribution we discuss the potential usage of the beam footprint information of the NTN in mobility management for GEO. It is observed that:

Observation 1: For NTN the high propagation latency over Uu has impact on the service when beam failure occurs.

Observation 2: For NTN the high propagation latency over Uu or inter-satellite link has impact on the service when handover occurs.
Therefore we would like to propose:
Proposal 1: Footprint information can be utilized to enhance mobility management (e.g. CHO) for GEO satellites.
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