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1. Introduction 
RAN2 has completed the study item on NTN and report is available in TR 38.821. For connected mode mobility, several enhancements are suggested such as enhancements to measurement reporting, conditional handover and feeder link switch. It is also important to consider the assumptions made in WID [1] as follows:
· FDD is assumed for core specification work for NR-NTN.

· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG

· Earth fixed Tracking area is assumed with Earth fixed and moving cells

· UEs with GNSS capabilities are assumed.

· Transparent payload is assumed

· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)

In this document, we explain some important aspects to prioritize in the connected mode mobility enhancements.
2. Discussion 

2.1 Number of beams per cell
It is possible that a satellite may use multiple antennas to form multiple narrow beams, and the beams may operate on different frequency (e.g., different bandwidth parts) to mitigate interference among the beams. The multiple beams may be configured to operate as a single cell. Beam switch within a cell can be handled by beam management. But it is already agreed that only cell level mobility is considered from RAN2 perspective. In case each beam is configured to operate as a single cell, the switch of beam is handled by RRC as a handover.
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Figure 1 (A) multiple beams per cell and (B) single beam per cell scenarios
Though single beam per cell scenario is simpler, it requires the beam footprint to be very large to reduce the handover frequency. The larger size of cell will need to accommodate large number of connected UEs and handle large differential delay. It may have impact on user experience. But, from specification point of view, both options i.e., single beam per cell and multiple beams per cell should be supported.
Proposal 1 Both multiple beams per cell and single beam per cell scenarios are supported.

2.2 Service link/feeder link switch

It is assumed in the WID that both fixed radio cell and moving radio cell scenarios are possible in fixed tracking area. In fixed radio cell, the cell may be stationary for a certain time duration with the use of steerable antenna. After the time duration, a new satellite takes over the cell. This would mean a service link switch, i.e., only satellite switch is needed while the serving gNB remains the same. This scenario assumes satellite as a bent-pipe, i.e. the gNB is on the Earth surface. Similarly, in moving radio cell, the cells move with the satellite. If cell radius is 100 km, then UE will switch to a new cell every ~13 seconds.
However, cell switch does not mean change in gNB most of the time as UE may be relatively stationary compared to the speed of satellite. This could mean UE can use the same RRC configuration before and after the service link switch. Therefore, frequent service link switch or intra-gNB handover can be enhanced to reduce the signalling overhead not only from the UE’s perspective but also from the network’s resource perspective.

In some cases, satellite may need to change the feeder link as a result of satellite movement. Satellite may reach a point where it needs to connect to a different gateway or gNB on the ground. In such cases, even when there is no service link switch, all the UEs currently connected to the satellite need to be handed over to a new gNB. In case satellite is using multiple antennas to form multiple cells, all the UEs from multiple cells need to be handed over. Using existing handover procedure can be very inefficient and resource consuming. Therefore, enhancement to handover procedure is necessary.
Proposal 2 Introduce enhancement for handover such as reduced signalling overhead due to service link and feeder link switch.
2.3 Conditional handover

Conditional handover is NR Rel-16 feature. Network provides conditional handover commands for multiple candidate target cells. UE can autonomously execute the conditional handover upon meeting the execution criteria. Considering UE is comparatively stationary with respect to the satellite, it is possible for network to determine the possible candidate target cells based on UE’s location and satellite trajectory. But considering the N-LOS and difference in RSRP of near and far UEs, only RSRP based conditional handover triggering or execution condition may not be enough and can be enhanced. Also, to reduce the RRC signalling at the same time for multiple UEs, the UEs can be provided the conditional handover commands well ahead of time. Therefore, conditional handover should be supported with possible enhancement taking into account the satellite and UE position.

Also, after sufficient RAN2 progress on supporting conditional handover, the existing DAPS handover can be considered together with conditional handover especially for a smooth satellite switch.
Proposal 3 Triggering and execution of conditional handover may incorporate the time/position of UE and satellite.
2.4 RACH-less handover

For a UE, it is possible to calculate the TA of the target cell, for example taking into account the reference signal timing difference (RSTD). But in NTN, since the trajectory and position of the source and the target cell as well as UE’s location can be known, it is possible that UE can determine and apply the pre-compensation for the uplink timing in target cell during handover. Avoiding RACH to target cell is important for performing handover of many UEs. Therefore, RACH-less handover can be discussed as connected mode mobility enhancement.
Proposal 4 RACH-less handover can be considered.
2.5 RLM, RLF and RRM configuration

The propagation delay difference between two satellites can be large. One issue raised during study phase is that whether UE misses the SSB/CSI-RS measurement window of the neighbour cell. This should not be an issue as serving gNB can take into account the UE’s neighbour satellite and apply the necessary compensation. It is also possible for network to know UE’s position and neighbouring satellite information and take necessary action, e.g., handover. Therefore, it can be discussed whether the number of RRM measurement reporting for UEs should be minimized as transmission is costly due to large propagation delay.
Additionally, UE would also need to monitor the radio link of the serving cell for beam switching and to detect RLF. But it is possible that a single cell has a multiple beams operation. However, each beam operates in different frequency or bandwidth part to avoid interference. If the serving beam is not good, then UE may need to find the new beam in the same cell without declaring RLF as RLF recovery is costly in terms of power and resource. This would mean UE needs to perform beam measurement in different frequency, and consequently measurement gap may be needed.
Proposal 5 Introduce measurement gap configuration for RLM measurement in multiple beams per cell scenario.
3. Conclusion

Proposal 1
Both multiple beams per cell and single beam per cell scenarios are supported.
Proposal 1
Introduce enhancement for handover such as reduced signalling overhead due to service link and feeder link switch.
Proposal 2
Triggering and execution of conditional handover may incorporate the time/position of UE and satellite.
Proposal 3
RACH-less handover can be considered.
Proposal 4
Introduce measurement gap configuration for RLM measurement in multiple beams per cell scenario.
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