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In this contribution we discuss some remaining issues of RACH-less (C)HO especially propose to support RACH-less CHO in NR NTN. 
Discussion
RACH-less handover Completion 
It was agreed that LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant. But it is FFS any enhancement to the confirmation of RACH-less HO completion, e.g. the NW does not send the UE Contention Resolution Identity MAC CE, and but only rely on the PDCCH addressed to the UE’s C-RNTI. There was different opinions whether PDCCH for a DL new transmission or for either DL or UL new transmission can be considered as HO completion. These options would cause either extra inspection at UE side or extra restriction at NW side, e.g., NW shall not do any new transmission scheduling before receiving RRCReconfigurationComplete. In our understanding, LTE approach is safter, and as long as there is no issue identify, we prefer to follow LTE approach without further optimization, considering the limit time left in Rel-18. 

Proposal 1: confirm LTE approach is reused for confirmation of the RACH-less HO completion, no further enhancement 
RACH-less handover failure 
It was discussed that If RACH-less HO is failed (i.e., T304 is expired), which options should be supported: 
· Option 1: perform RRC re-establishment
· Option 2: perform RACH to the target cell
Again, we prefer to follow LTE RACH-less handover, UE should perform RRC re-establishment to select a better cell. Falling back to RACH-based handover to the same target cell will likely fails too, this would delay the RRC connection re-establishment and increase the interruption. 
 
Proposal 2: Same as LTE, UE performs RRC re-establishement after RACH-less handover failure 

Support RACH-less CHO
In NTN, considering the very frequent handovers experienced by a given UE (in earth moving cell scenario) and a large amount UEs handovers at the same time (in satellite switch scenario), CHO is very important and fundamental feature. With CHO, measurement report and subsequent handover command signalling exchange between UE and source gNB could be skipped, and UE execute the HO directly once the condition fulfilled. This reduces the handover interruption largely, the gain is particular high considering the longer gNB-UE RTT in NTN scenario. The execution condition and RRC configuration in target gNB are pre-configured far before the handover time point. this avoids RRC signalling storm issue e.g., at satellite switch scenarios. In addition, It will increase HO reliability since the signalling between UE and gNB are exchanged before UE going to lose the coverage of the source gNB. 

On the other hand, RACH-less will further reduce the interruption and avoid RACH signalling storm by omitting RACH procedure at target cell. But without CHO, RACH-less itself neither can avoid RRC signalling storm, nor increase handover reliability. Even both features will reduces the handover interruption, but the gain come from different aspect, the maximum gain would be achieved by enabling both.

Observation1: Combining RACH-less and CHO would provide maximum gain including shortest handover interruption, no RRC and RACH signalling storm, high handover reliability, low signalling overhead.

If we only support RACH-less handover, NW will be forced to choose either avoid RACH via RACH-less handover or avoid RRC signalling around handover time via RACH-based CHO, then handover issues in NTN scenario would be solved in half way. And the gain would not be maximized.

Observation2: only supporting RACH-less HO and RACH-based CHO in NTN scenario would solve issue in half way and make it difficult for gNB to choose.

Following the observation1 and observation2:

Observation3：It is important to combine RACH-less and CHO for NR-NTN.

Technically speaking, RACH-less conditional handover will be supported once RACH-skip is introduced in RRCReconfiguration for handover case, because the pre-prepared RRC configuration at candidate cell is defined as a container contain the whole RRCReconfiguration.

Moreover, in the case of service link change, where handover happens around T-service, which is known by both gNB and UE via configured time-based condition. It is very easy that gNB know when the handover will happen and when to dynamically schedule the UE at target cell without any enhancement. If pre-allocated CG is configured, it will also only be valid within the time window defined by CondEvent T1. If proposal 1 is not agreeable yet, at least, we can propose following: 

Proposal 3: Support RACH-less CHO with CondEvent T1 

In RACH-less CHO case, either it is difficult for target cell to decide when to send dynamic grant to UE, or in case per-allocated grant is configured, it is not sure when it will be used. In worst case, the pre-allocated grant might be not used and wasted.

To overcome this timing issue, we can make NW aware of the CHO execution timing. When CHO execution condition is fulfilled or is going to fulfilled, UE can report to the source cell ( current serving cell) that UE will execute CHO to the selected target cell. Source gNB then inform target gNB/cell the upcoming CHO of the UE (if it is inter-gNB CHO) to the target cell. this would be helpful for target cell to start dynamic scheduling for the UE at right time, or know when the pre-configured CG will be used in real.



Figure 3: CHO notification



On the other hand, the handover timing in NTN would be largely predictable even for location-based CHO in earth moving cell scenario, because UE will move out of the cell due the movement of the cell coverage. So a simple enhancement is to introduce a valid time window for RACH-skip config, if the execution condition is fulfilled within the time window, RACH-skip config is valid, UE transmit on pre-allocated CG or UE will expect DG from target gNB during this time window, i.e., RACH-less CHO is performed. Otherwise if the execution condition is fulfilled out of the configured time window. RACH-skip should be invalid, and RACH-based CHO can be performed. 

Proposal 4: support RACH-less CHO with other triggers, by considering following enhancements: 
· Introduce CHO notification from UE to source gNB to support RACH-less CHO
· Introduce a valid time window for RACH-skip configuration. UE executes RACH-less CHO if the time is in the configured time window, otherwise executes RACH-based CHO
Summary
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Proposal 1: confirm LTE approach is reused for confirmation of the RACH-less HO completion, no further enhancement 

Proposal 2: Same as LTE, UE performs RRC re-establishement after RACH-less handover failure 

Observation1: Combining RACH-less and CHO would provide maximum gain including shortest handover interruption, no RRC and RACH signalling storm, high handover reliability, low signalling overhead.
Observation2: only supporting RACH-less HO and RACH-based CHO in NTN scenario would solve issue in half way and make it difficult for gNB to choose.
Observation3：It is important to combine RACH-less and CHO for NR-NTN.
Proposal 3: Support RACH-less CHO with CondEvent T1 

Proposal 4: support RACH-less CHO with other triggers, by considering following enhancements: 
· Introduce CHO notification from UE to source gNB to support RACH-less CHO
· Introduce a valid time window for RACH-skip configuration. UE executes RACH-less CHO if the time is in the configured time window, otherwise executes RACH-based CHO
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