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1. Introduction 
In RAN2-119bis-e meeting, following agreements were made regarding the connected mode mobility.

Agreements:

1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this

2. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference).

3. RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)

4. New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 


•
RAN1 impact


•
The need to perform UL beam switching and/or RA 


•
Applicability to hard or soft satellite switching

RAN1 has replied in [1] that there is no issue in supporting RACH-less handover in NTN. In this document, we further discuss the details on the solutions for group handover command and RACH-less HO.

2. Discussion 

Group handover command

Consider earth fixed cell where at cell stop time, a large number of UEs need to be handed over to new cell. Similarly consider the case where the satellite has moved to a point where it needs to switch the gateway. Then regardless of cell stop time (i.e., for both earth fixed cell and earth moving cell), the existing large number of UEs need to be handed over to the new cell with different gateway.

In both cases, providing individual handover command to each UE is not efficient from resource utilization point of view as it incurs large signaling overhead. For some UEs, this could mean either network providing HO command too early or RLF.

A possible solution to this is to configure time-based CHO. If network knows the time range where the UE needs to be handed over, it can set the proper execution condition as time range and RSRP based event like A4. However, this means the network has to properly estimate the CHO execution time window for each UE and once configured. This may not be accurate.
CHO is optional feature and it is possible either UE does not support it or network does not support it, i.e., no Xn interface available or network cannot provide pre-configured resources ahead of time. In addition, the network has to provide the ephemeris of the target satellite way ahead of time, i.e., epoch time way in future. In this case, the UE may be configured with receiving group handover command. Therefore, we think group handover command which can include handover commands for multiple UEs should be studied.
When a UE receives HO command, the UE should not be required to read system information whether it is from the serving cell or from the target cell. This incurs additional HO interruption. Therefore, the target cell common configuration (i.e., SIB1) and target cell ephemeris (SIB19) can be provided to UEs in the group HO command as common SDU. The common SDU in the handover command can follow a sequence of UE specific HO commands. Since delta configuration is used, the size of the UE specific HO command can be relatively small and multiple HO commands can be accommodated in a single PDU in a pre-configured order (e.g., based on UE ID) as shown in Figure 1.
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Figure 1 An example of group HO command including multiple HO commands
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. The network may also send the group commands to only those UEs who will share same candidate target cell. 

Proposal 1 Support group HO command that includes HO commands for multiple UEs to reduce signaling overhead from the source cell.

RACH-less handover

RAN2 asked RAN1 whether RACH-less handover is possible in the following scenarios:

(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB
In [1], RAN1 responded with the following answer:
from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell.
In our view, RAN1 didn’t identify any issue in supporting RACH-less handover as long as the UE can meet the initial access timing error specified by RAN4. This would be possible since UE autonomously performs the TA pre-compensation based on its position and satellite position. In our view, we should consider the scenario of same feeder link or same gateway for RACH-less handover. This is very useful in reducing target cell congestion.
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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 decides on the number of UEs needing handover and sends group command, i.e., PDCCH with G-RNTI.

a. PDCCH with G-RNTI may schedule PDSCH that multiplexes the UE specific SDUs at MAC layer in order. The MAC layer discards the SDUs not intended for it.

b. It is to note that target cell common configuration and SIB19 can be commonly provided as common SDU without any integrity protection and ciphering.

3. The UEs receiving the group HO command 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.

4. 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.

5. 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 be configured with CHO way ahead of time and, the UE may be configured with receiving group handover command indication.

After executing handover, many UEs may be triggering RACH to target cell. In many cases, these UEs 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.

Proposal 2 Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario.
Same PCI after satellite switch

If the satellite switch happens but the gateway and gNB remains same, then it is possible that the same cell (e.g., SSB in same frequency, MIB and SIBs) are projected in the same area after satellite switch in quasi-earth fixed cell scenario. This could mean cell remains same and UE does not need to perform handover. However, if the old satellite and new satellite project the same cell (i.e., SSB in the same frequency), then we think there are following complexity and significant RAN1 work would be needed.
(1) Complexity on detecting the SSBs belonging to different satellite

(2) Updating the ephemeris and common TA parameters associated with the SSB

(3) Interference due to SSB arriving at different times

(4) Potential TCI state change

Therefore, we think we should consider a scenario where RAN1 impact is minimal. This can be achieved considering hard satellite switch where the old satellite stops SSB just right before the new satellite projects the SSB in the same frequency. The UE can just be configured with the interruption duration at the cell stop time. This duration can be used by the UE just to synchronized with the new target satellite (e.g., reading SSB and SIB19 from the new satellite) and get ready to resume UL transmission or initiate random access procedure as shown in Figure 2. The cell configuration (e.g., SIB1 and other SIBs except SIB19) and UE’s RRC configuration can remain same.
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Figure 2 An example of same PCI after HARD satellite switch
This can be considered same as the scenario where the UL synchronization timer (SIB19 validity) expires, and UE needs to synchronize by acquiring SIB19. Further details such as how network can configure the interruption and how to handle RLM, RRM measurements can be further discussed.

Proposal 3 Same PCI with hard satellite switch can be considered to reduce signaling overhead in quasi-earth fixed cell for the scenario of satellite switch with same gateway/gNB. Further discuss the details on interruption during the satellite switch.
3. Conclusion

Following proposals are made.
Proposal 1
Support group HO command that includes HO commands for multiple UEs 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. FFS whether to limit the solution to same feeder link/gateway scenario.
Proposal 3
Same PCI with hard satellite switch can be considered to reduce signaling overhead in quasi-earth fixed cell for the scenario of satellite switch with same gateway/gNB. Further discuss the details on interruption during the satellite switch.
4. 
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