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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In NTN systems that use NGSO satellites, handover and/or cell reselection happen more often than on terrestrial networks. Handover is the term used when a gNodeB instructs a UE or relay that is in CM-CONNECTED state to change cell or spot beam whilst cell reselection is the term used when the UE or relay itself decides to change the cell or spot beam it is camped on when the UE or relay is in CM-IDLE state. In either case, because of the high rate of occurrence of spot beam and/or cell changes, it is needed that handover and/or cell reselection transitions happen quite quickly.

In terrestrial networks, handover procedures often involve the reporting of UE measurements to the network. Based on these measurement reports, the network can determine whether to handover the UE to another gNB: the UE is then commanded accordingly. This procedure is illustrated in Figure 1 taken from [3]


Figure 1: Inter-cell handover procedure [3]


Since handover happens in general when the UE or relay is in CM-ACTIVE and RRC-CONNECTED state, the procedure is time critical to avoid loss data. In NTN systems based on NGSO satellites, the cells or spot beams are moving at very high speeds and so the handover procedure from one spot beam to the next or from one satellite to the next has to be executed quickly otherwise the UE and/or relay will find itself out of the coverage of the target beam and/or satellite as it flies past with a consequence of data loss. 

In this contribution, we discuss some of the issues that need to be studied for their potential to reduce the duration of the handover procedures especially given the constraint of the propagation delay between the UE/relay and the satellite. The ideas discussed are generally applicable to both relays and UEs but in the rest of the contribution, we refer only to UEs unless otherwise, in which case it is stated.

2. Reducing Handover time for NGSO-based NTN 
In [1] & [2] it is described how for NTN, satellite beams can be thought of as RAN cells or gNBs. For a NGSO satellite based NTN, the satellite is moving and so the footprint of each beam also moves across the earth surface. Compared to the GEO and terrestrial scenarios, the cell coverage (the footprint of each spot beam) area moves instead of being fixed. The NTN system has ephemeris information that provides knowledge of the orbital velocity, distribution of spot beams and their footprints on the earth at any time. Therefore, for a given location on the earth at any given time, the network has information as to which spot beam currently covers that location, how long that location would remain in the coverage of its current spot beam and which spot beam will next cover that location and how soon. It follows that if the network had knowledge of the position (such as GPS-based position) of the UE at all times, it would be able to know accurately which spot beam currently covers that UE, how long that UE would remain in the coverage of its current spot beam and which spot beam will next cover that UE and how soon. With positioning information of all UEs available to the network, we can dispense with the need for measurement reports for use in triggering handovers. 

Proposal 1: It is mandatory for NTN that each UE should have the capability of providing its position to the network. 

Since the speed of movement for any UE is small compared to the orbital speed of NGSO satellites, position information for UEs can be ensured by equipping each UE with GPS and then mandating the UEs to report their position to the network at regular intervals with the duration of the interval set according to the orbital speed of the NGSO satellites. Fixed UEs or relays may provide their position to the network during initial access only.

To prevent loss of data, handover between spot beams has to be finalized during the overlap time when a given UE is in the coverage of two or more spot beams. Whilst in this region, the UE has to be capable of detecting both the signal of its current spot beam and that of the target spot beam. Handover between spot beams on one satellite is likely to happen more frequently than that between spot beams on different satellites so shortening the time for this kind of handover is highly beneficial. If handover between spot beams on one satellite is treated as beam level mobility in NR [3], then RRC signaling will not be required thereby shortening the handover time. 

Observation 1: Handover between spot beams on the same satellite is more frequent than between satellites.
Observation 2: Handover time between spot beams on the same satellite can be shortened if RRC signaling is not needed.

Proposal 2: Treat satellite spot beams as terrestrial NR spot beams and treat mobility between spot beams on the same satellite as beam level mobility.
[bookmark: _GoBack]
To support Proposal 2, spot beams on a given satellite must be identified in a similar manner to beams in terrestrial NR – by use of the SSB index and/or CSI-RS. However, depending on the operating frequency, there are not enough SSB indices available to identify all the spot beams [4]. The number of SSB blocks per burst especially at below 6GHz frequencies needs to be increased to be commensurate with the number of spot beams per NGSO satellite.

Proposal 3: Increase the number of SSB blocks per burst especially at below 6GHz frequencies to be commensurate with the maximum number of spot beams per NGSO satellite.

When the UE moves from one spot beam to another, it would know with reasonable accuracy the time of occurrence of the SSB and so can synchronize (step 8 in Figure 1) faster to the target spot beam of an individual satellite (and between satellites) if the frame structures of the spot beams are synchronized.

Proposal 4: Synchronize frames between different spot beams of the satellite system.

In this context, an individual satellite is then treated as a terrestrial cell with a CELLID and so handover between spot beams on different satellites will then include RRC signaling and reflect much of Figure 1. However, handover time may still be reduced by programmed handover wherein the network, knowing the ephemeris of the satellite system can pre-plan the handover in advance by: (refer to Figure 1)
· Resolving the issues tackled in ‘Admission Control’ (step 4 of Figure 1) in advance
· Programming the ‘Uu Handover Trigger’ (step 6 of Figure 1) in advance

Further, the time for ‘UE synchronization to the new spot beam’ (step 8 of Figure 1) is significantly curtailed because of the frame synchronicity between spot beams.

Proposal 5: Study how to reduce handover time in cell-level mobility between spot beams on different satellites.

3.   Conclusion
In this contribution, we have considered the issue of minimizing the handover time in NGSO-based NTN systems because of the fast movement of the satellites and their spot beams. We made the following observations:

Observation 1: Handover between spot beams on the same satellite is more frequent than between satellites.
Observation 2: Handover time between spot beams on the same satellite can be shortened if RRC signaling is not needed.

We considered conceptualization of NTN spot beams and satellites to mirror the terrestrial NR and aid in the task of reducing handover time and make the following proposals which in some cases have specification changes that impact NR:
Proposal 1: It is mandatory for NTN that each UE should have the capability of providing its position to the network. 

Proposal 2: Treat satellite spot beams as terrestrial NR spot beams and treat mobility between spot beams on the same satellite as beam level mobility.

Proposal 3: Increase the number of SSB blocks per burst especially at below 6GHz frequencies to be commensurate with the maximum number of spot beams per NGSO satellite.

Proposal 4: Synchronize frames between different spot beams of the satellite system.

Proposal 5: Study how to reduce handover time in cell-level mobility between spot beams on different satellites.
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