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1 Introduction
In the previous meeting, the handover enhancement for NTN-NTN mobility was discussed and some agreements were made as below [1].
In this contribution, we further discussed handover enhancements for NTN-NTN mobility and provide our suggestions.
2 Discussion
2.1 Broadcast handover command
For NTN, all UEs in serving cell have to perform handover when the cell is moving away, and handover signalling overhead is large and some UEs may not receive handover command due to signalling storm and lead to handover failure. 

Currently, the parameters of target cell are provided to UE by RRC message, however, some parameters of the target cell are the same for all UEs, such as downlinkConfigCommon, UplinkConifigCommon and NTN-Config. If these parameters are broadcasted by the network, the RRC signalling overhead will be reduced. So the network broadcasts some common parameters of target cell can reduce handover signaling overhead.

Proposal 1: NTN broadcasts common parameters of target cell for handover to reduce handover signalling overhead.
2.2 Group handover
In previous meetings, group handover or the UE specific pre-configuration of target cell and group HO indication was discussed and concluded to continue discussion. In our understanding, the UE specific pre-configuration of the target cell and group handover indication could avoid the RACH congestion in the target cell since the group handover indication can be sent to UE at different time. However, we don’t think it can reduce the handover signalling overhead since anyway the configuration of target cell should be configured to UE, and compared to the time based CHO, there is additional singling overhead since the group HO indication is needed. And in the WID, the objective is to reduce handover signalling overhead for NTN-NTN mobility. So we should focus on the solution to reduce the signalling overhead.
Observation 1: The group handover or the UE specific pre-configuration of the target cell and group HO indication can’t reduce the signalling overhead compared to the time based CHO.

Observation 2: The group handover or the UE specific pre-configuration of the target cell and group HO indication may avoid the RACH congestion in the target cell.
Proposal 2: Group handover should focus on the handover signalling overhead reduction.
2.3 RACH-less handover
RAN2 sent an LS to RAN1 to check with RAN1 in which scenarios RACH-less is possible, and reply LS from RAN1 is as follows [2]:

According the reply LS from RAN1, the RACH-less handover is possible for scenario (1) and may be possible for scenario (2)-(4), thus the RACH-less handover is supported at least for scenario (1) from RAN2 perspective.
Proposal 3: RACH-less handover is supported at least for scenario (1) from RAN2 perspective.

When the RACH-less handover is configured, UE sends the RRC reconfiguration complete message to target cell without sending RACH preamble, the UL grant for RRC message could be configured to UE by serving cell or UE monitors PDCCH in the target cell. If the UL grant is not pre-configured, the UE may not receive the UL grant in the target cell, and then the RACH-less handover is failed. In this case, the UE could perform RACH procedure in the target cell and try to handover to the target cell.

Proposal 4: If RACH-less handover is failed, UE performs RACH procedure based handover in target cell.

2.4 The same PCI scenario

Regarding the handover in the same PCI scenario, UE may think the serving cell is not changed, but there are some issues need to be further discussed.

· RAN1 impact

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

· Applicability to hard or soft satellite switching
From UE perspective, UE think the serving cell is not changed and just beam sweeping, the beam sweeping procedure can be reused for handover in the same PCI scenario. However, the Tx beam of gNB is changed when satellites are switched, UE needs to determine the Rx beam and TX beam according to the Tx beam of target cell. The serving cell could pre-configured the Tx beam information of the target cell and then triggers UE to perform UL beam switching, then UE could access to the target cell.
Proposal 5: The beam sweeping procedures is reused for UE handover in the same PCI scenario and NTN network indicates UE to switch to the Tx beam of target cell.
Proposal 6: Tx beam information of target cell is pre-configured by serving cell and then the serving cell triggers UE to perform UL beam switching based on the Tx beam of the target cell.
Regarding the UL synchronization in target cell, the RACH procedure may not needed according to the reply LS from RAN1 on RACH less handover, UE just acquires the system information of target cell to keep UL UL synchronization. However, UE think the serving cell is not changed and just the Tx beam is switched, if the ephemeris data is still valid, UE might not acquire the system information, thus the network should indicate UE to reacquire the system information even if the ephemeris data is still valid.
Proposal 7: NTN network should indicate UE to acquire the system information when NTN network triggers the UE to switch to the Tx beam of target cell. 

3 Conclusions 
In this contribution, we have discussed handover enhancements for NTN-NTN mobility and provide the following proposals and observations
Proposal 1: NTN broadcasts common parameters of target cell for handover to reduce handover signalling overhead.
Observation 1: The group handover or the UE specific pre-configuration of the target cell and group HO indication can’t reduce the signalling overhead compared to the time based CHO.
Observation 2: The group handover or the UE specific pre-configuration of the target cell and group HO indication may avoid the RACH congestion in the target cell.
Proposal 2: Group handover should focus on the handover signalling overhead reduction.
Proposal 3: RACH-less handover is supported at least for scenario (1) from RAN2 perspective.
Proposal 4: If RACH-less handover is failed, UE performs RACH procedure based handover in target cell.
Proposal 5: The beam sweeping procedures is reused for UE handover in the same PCI scenario and NTN network indicates UE to switch to the Tx beam of target cell.
Proposal 6: Tx beam information of target cell is pre-configured by serving cell and then the serving cell triggers UE to perform UL beam switching based on the Tx beam of the target cell.
Proposal 7: NTN network should indicate UE to acquire the system information when NTN network triggers the UE to switch to the Tx beam of target cell.
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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


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)


Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits


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





For scenario (1), from RAN1 perspective the RACH-less handover is 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. 


For scenario (2)-(4), 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. 


Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.


Note 2: gNB is expected to provide valid assistance information of the target cell to UE.


Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.
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