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1. Introduction 
When a satellite switch happens, for example, in quasi-earth fixed after cell stop time or when feeder link switch happens in any NGSO cell, all the connected mode UEs would need to be handed over to the target satellite. Many solutions have been brought up to address this issue since the NTN study item. 
In RAN2#119-e meeting, it is understood that the further discussion is needed for the solution to signaling and congestion reduction. In this document, we provide further details on RACH-less handover and group handover solutions.
2. Discussion 

Particularly we address two issues:

(1) How to reduce signaling overhead between UE and source when sending HO commands.

(2) How to reduce congestion when all UEs need to synchronize to the target cell.
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Figure 1 Signaling overhead and congestion

To address the above issue, we propose to combine multiple solutions as follows.
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Figure 2 Flow diagram to reduce signaling overhead and congestion
1. Network estimates the next target cell and HO time from available information such as neighbor satellites, UE’s coarse location information.
2. Network prepares the UE with CHO way ahead of satellite switch or feeder link switch.
a. If CHO is not configured, the network may configure the UEs with G-RNTI to monitor PDCCH G-RNTI. The network may group the UEs based on same active BWP and C-DRX pattern.

3. Network sends group command, i.e., paging or PDCCH with G-RNTI, as forced CHO execution command (for those UEs who have not met the execution criteria yet).
a. If cell stop time is broadcast, the UEs execute the CHO at cell stop time (if they have not done so yet) for target cell given the UEs meets RSRP criteria. In this case, step 3 may not be necessary.
b. If the CHO was not configured to the group, the paging or PDCCH with G-RNTI may schedule PDSCH that multiplexes the UE specific SDUs at MAC layer, each SDU following C-RNTI MAC CE. The MAC layer discards the SDUs not intended for it.
c. It is to note that target cell common configuration and SIB19 can be commonly provided as common SDU without any integrity protection and ciphering.

4. The UEs synchronize with target cell DL timing and start monitoring PDCCH from the target cell, i.e., follow the RACH-less handover without pre-allocated grant.

5. The UEs may also receive contention-based or contention-free PDCCH order from the target cell such that the target can have control over how many and who are admitted at a time using random access.

a. With RACH-less HO, the UE may also receive PDCCH with UL grant from the target cell.

6. If the UEs do not received PDCCH during a monitoring window (e.g., UL synchronization timer expire), the UEs trigger RACH to the target cell.

a. Whether to use TAT timer for this purpose can also be discussed.

The solution defined above is optimized from the group handover mechanism and RACH-less handover mechanism. For moving cell scenario, it is possible that UEs may not be always configured with CHO way ahead of time as network needs to prepare the resources way ahead of time and most importantly the network has to provide the ephemeris of the target satellite way ahead of time, i.e., epoch time in future more than 10.24s away. In this case, the UE may be configured with receiving group handover command.
The network may configure a group of UEs having similar C-DRX pattern, active BWP, geographical location and possibly a RNTI in common search space. This could be just DCI or MAC CE indicating candidate cell ID if CHO has been configured.
Proposal 1 Consider group HO command/indication to reduce signaling overhead from the source cell.

After executing handover, many UEs may be triggering RACH to target cell. In many cases, these UE may not have UL data to transmit at the time of handover, in which case, the UE’s may be unnecessarily triggering RACH to the target cell leading to congestion. The network may be able to know which UEs can wait to trigger RACH to the target cell, in which case UEs keep monitoring target cell PDCCH as indication for UL transmission would be very useful.
In addition, similar to meeting the initial transmit timing error requirement for PRACH transmission, the UE may update GNSS shortly before the transmission and can have initial transmit timing error within half of the CP. Therefore, dynamic grant from target cell for RACH-less PUSCH transmission is also possible for the target cell, specially when it is just a satellite switch with same gateway and gNB. However, whether RACH-less UL transmission to the target satellite has any impact on RAN1 specification can be checked with RAN1. 
The RACH-less UL transmission to target cell is also applicable to the scenario where L1-based satellite switch where source and target satellites have same cell identity in the same SSB frequency.
Proposal 2 Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell.

Proposal 3 Ask RAN1 for feedback on the support of dynamic grant from the target cell for RACH-less PUSCH transmission to the target satellite.

3. Conclusion

Following proposals are made.
Proposal 1
Consider group HO command/indication to reduce signaling overhead from the source cell.
Proposal 2
Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell.
Proposal 3
Ask RAN1 for feedback on the support of dynamic grant from the target cell for RACH-less PUSCH transmission to the target satellite.
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