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1 Introduction

As discussed in RAN2#105, the following agreement has been reached.
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.

This contribution mainly discuss the left issues on mobility procedure for LEO and GEO.
2 Discussion
LEO-based cell has the key issue of high-speed mobility, in addition to large cell-coverage which is common feature for all NTN-cells, i.e., for both LEO and GEO.

· High-speed mobility: for scenario C/D, the relative speed of Satellite wrt earth can be as high as 7.56 km per second, i.e., 27216 km/h, which is in the level of 100x times compared to speed of high-speed train.
· Large cell-coverage: The footprints of the beams are typically of elliptic shape, and typical beam footprint size for LEO is 100km – 500km, which is also in the level of 100x times compared to normal cells covering cells in the level of 1x km range.
Therefore, if one calculates the handover frequency per high-speed train cell, i.e., mobility speed * UE density * cell area, it would result into 10000x times of normal high-speed train cell, which means 10000x times signalling overhead for handover event.
Observation 1 LEO would cause much higher signalling overhead for handover, due to the extremely high mobility and large cell coverage.

Other than LEO with high speed mobility, GEO-based based cell has the issue on large propagation delay due to high satellite altitude up to 35786km, and this issue also applicable for LEO with altitude up to 1500km. Thus propagation delay in NTN systems is orders of magnitude higher than terrestrial systems (e.g. up to 544 ms RTT for GEO scenarios, 28.4 ms RTT for LEO scenarios), which introduces additional latency for mobility related signalling transmission.

In this case, long transmission time, i.e. for either measurement reporting or reception of the HO command, would cause invalid mobility.

Observation 2 For both GEO and LEO, handover too late issue would be caused due to large propagation delay. 
To solve this issue, one can take the benefit from CHO, i.e., conditional handover procedure, which is being developed in R16 NR mobility WID. One effect of CHO would be to help network to distribute the signalling of HO command evenly in time domain, since one does not have to wait for the proper time point to deliver the HO command (in order to avoid too-late / too-early HO). Another effect of CHO is to decrease the interaction delay between UE and satellite during handover procedure. Using conditional handover with pre-configured handover command, UE can trigger the handover procedure with pre-configured condition. Then the invalid mobility/HO failure due to handover too late could be avoided and the HO robustness will be improved.
Proposal 1 To avoid large propagation delay and distribute the HO command signalling, CHO is applied for handover for both LEO and GEO.
· On the other hand, even if CHO helps to distribute HO signalling overhead evenly in time domain, such high signalling overhead may be still beyond network capacity.

Observation 3 CHO which helps to distribute HO command evenly in time domain cannot fully solve the signalling overhead issue, if that is still beyond the network capacity.

Looking at the signalling content of HO command, i.e., the key part is in ReconfigurationWithSync,
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Even if one save the RACH configuration by relying on CBRA, the following three components are needed
A. UE ID: anyway needed, and has to be delivered to UE in a dedicated manner

B. T304: anyway needed, yet it could be delivered to UE in a broadcast manner, if the target cell is deterministic, and the implementation of the said target cell replies a same value of T304 for HO preparation procedure of different UEs.

C. spCellconfigCommon: it could be the saved since delta configuration is allowed for this field, but the premise is UE has obtained this field initially. When UE initially get this filed, the consumed bits can be too large to afford. Similar to T304, it could be delivered to UE in a broadcast manner, if the target cell is deterministic, and the implementation of the said target cell replies a same value of T304 for HO preparation procedure of different UEs.

Therefore, the bits of T304 and spCellConfigCommon can be delivered in a broadcast manner, in order to save the redundancy configuration in dedicated signalling for multiple UEs. Furthermore, it does not prevent dedicated configuration, i.e., network can still send dedicated configuration to a UE by allowing dedicated configuration to override broadcasted configuration.
Proposal 2 To reduce HO signalling overhead, common HO related configuration, i.e. T304 and spCellConfigCommon, can be delivered to UE in a broadcast manner.
For the detailed solutions on the broadcast HO configuration, one can consider different options:

· SIB: this is a straightforward solution, especially considering ServingCellConfigCommonSIB as something similar in SIB already;

· MBMS/SC-PTM like multicast solution: this is feasible yet has to wait for the output of related work, which has not been started in RAN yet.

Compare the two, the former is a more feasible solution.

Proposal 3 Allow HO related configuration in SIB, FFS on which configuration to be put into SIB.
3 Conclusion
Based on the discussion in section 2, we observe

Observation 4 LEO would cause much higher signalling overhead for handover, due to the extremely high mobility and large cell coverage.

Observation 5 For both GEO and LEO, handover too late issue would be caused due to large propagation delay. 
Observation 6 CHO which helps to distribute HO command evenly in time domain cannot fully solve the signalling overhead issue, if that is still beyond the network capacity.

And thus we propose:
Proposal 4 To avoid large propagation delay and distribute the HO command signalling, CHO    is applied for handover for both LEO and GEO.
Proposal 5 To reduce HO signalling overhead, common HO related configuration, i.e. T304 and spCellConfigCommon, can be delivered to UE in a broadcast manner.

Proposal 6 Allow HO related configuration in SIB, FFS on which configuration to be put into SIB.
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