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1. Introduction
This paper intends to discuss remaining issues on HO enhancements, taking into account the progress made last meeting on unchanged PCI and RACH-less HO.
2. [bookmark: _Toc12718547]Discussion
2.1. PCI unchanged
	RAN2#123 Agreements:
1. An explicit indication will be introduced to enable the unchanged PCI switch
2. The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start
3. PCI unchanged procedure can be performed without performing RACH
4. In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
5. In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
6. The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.



[bookmark: OLE_LINK5]One of remaining issue is on whether to support scenarios that requires t-gap or t-start, which aims at the scenarios where there will be coverage hole between satellites. In our understanding unchanged PCI is more suitable for the agreed use case, where coverage hole is negligible. However it doesn’t imply current agreed behavior for unchanged PCI cannot be used for scenarios with coverage holes. In the case there are small gaps (less than that in discontinuous coverage), current agreed UE behaviors can well support it as well. As agreed, UE will consider UL synchronization timer as expired at t-Service, which means UE will suspend UL transmission and start to reacquire new version of SIB19 at t-service. After acquiring the SIB19, UE can re-sync to new satellite if needed, there is no additional timer needed. 
Observation 1: Agreed UE behavior (explicit unchanged PCI indication/t-service) can already allow UE to search SSB and reacquire SIB19 from new satellite at t-service for both scenarios with/without coverage gaps, which allows unified UE behavior for all cases.
T-gap or t-start would require additional UE behavior in terms of SSB acquisition, SIB reading and so on, which only shows obvious gains for the case when coverage gap is large, e.g., for discontinuous coverage. Considering discontinuous coverage is not part of current scope and might need more consideration, in such case at least legacy HO should be used to guarantee the mobility robustness. Since satellite’s movement can be predictable by NW, it can be left to NW’s implementation to choose the appropriate mobility strategies.
Observation 2: T-gap or t-start would require additional UE behavior, while only have obvious gains when coverage gap is large, e.g., for discontinuous coverage, which is not part of R18 NTN scope.
Based on above analysis, it is sufficient to relay on explicit indication and t-service to support unchanged PCI in this release, no other timers are needed. 
Proposal 1: A common solution (explicit indication for unchanged PCI switch +t-service ) is used to support unchanged PCI for all cases.
As agreed last meeting both unchanged PCI with/without RACH can be considered. For RACH-based solution, RACH procedure is needed for UE to regain the uplink synchronization to target satellite, which can be easily achieved by consider TAT timer as expired when the cell stops provide service at t-service. This approach introduce minimum specs impact, while allows UE to initiate RACH only when needed, e.g., when there is uplink data arrives while TAT expires.
Observation 3: For unchanged with RACH, considering TAT timer as expired at t-service allows UE to initiate RACH only when needed (e.g., when there is uplink data arrives while TAT expired), with minimum specs impact.
Proposal 2: For unchanged PCI with RACH, UE considers TAT timer as expired at t-service.
It has been agreed that unchanged PCI can be used without performing RACH, and the intention is to allow UE to skip RACH procedure in some cases without involving any layer 3 signalling, otherwise it would compromise the gains of using unchanged PCI. To allow such behavior, only one bit indication to inform UE to skip RA is sufficient. The indication can be sent in SIB together with the indication for unchanged PCI. After receiving this indication, together with unchanged PCI indication, UE will not set TAT timer as expired, and continues to use C-RNTI to monitor PDCCH in the new satellite, there are no new UE behaviors required. 
Observation 4: Unchanged PCI without performing RACH, intends to only skip RACH procedure without involving any layer 3 signalling, which can be done by introducing one bit indication in SIB to inform UE to skip RACH procedure.
Proposal 3: One explicit indication is introduced to inform UE to skip RACH for unchanged PCI. After reception of this indication, UE will not set set TAT timer as expired, no new UE behavior is needed.
2.2. RACH-less HO
	RAN2#123 Agreements:
1. Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission
2. The pre-allocated grant is provided with association to SSBs
3. The mapping between type-1 CG and SSBs in CG-SDT can be the baseline of how to configure pre-allocated grant mapped to SSBs (can rediscuss in case of different input from RAN1)
4. UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission
5. ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command
6. RAN2 understands that if pre-allocated grant is not configured and dynamic grant is used for first UL transmission, if UL HARQ mode is configured, HARQ mode A is recommended for the HARQ process (this is anyway up to NW implementation and there is no Stage2 and Stage3 spec impact)
7. The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts
8. If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running


It is ffs how to handle the TAT timer during RACH-less HO. The LTE baseline is that UE starts TAT after apply the Nta received in RACH-less HO command. During the discussion there are some companies against with LTE behavior with the comments that TA in NTN is guaranteed by T430 instead of TAT timer. However, in our understanding, both TAT timer and T430 is supported in NTN for the purpose of uplink synchronization monitoring, and the two timers can run independently since they are used for to monitor different factors that lead to loss of synchronization. The TAT timer could be expired due to not updating the TA in a long time while the expiry of T430 is due to expiry of assisting information provided in SIB19, there are no need to couple the two timers. 
Observation 5: Both TAT and T430 is used in NTN for uplink synchronization purpose, which runs independently with each other. 
In RACH-less HO, since NTA has been provided in the RACH-less HO command which means UE TA has been updated, then it is straightforward to restart the TAT timer as in legacy. There is no need to modify such behavior. Therefore it is proposed to agree on below proposal:
Proposal 4: UE (re)starts TAT after set the NTA value to the value indicated by targetNTA in rach-LessHO.
During MAC CR review, it has been proposed by rapporteur to clarify if pre-allocated uplink gran can be configured without ntn-RSRP-ThresholdSSB. The intention to have the RSRP threshold is to guarantee UE selected beam is good enough for robust uplink transmission. In addition, RAN2 has agreed on fallback-to-RACH procedure when there is no qualified beam. Therefore, for the consideration of mobility robustness, prellocated UL grant shall always be provided with ntn-RSRP-ThresholdSSB.
Observation 6: RSRP threshold is to guarantee UE selected beam is good enough for robust uplink transmission , which shall always be provided in preallocated grant.
Proposal 5: ntn-RSRP-ThresholdSSB shall always be provided in preallocated uplink grant.
Another remaining issues on RACH-less HO is whether to allow more mechanism for completion of RACH-less HO, i.e., by successful of reception of PDCCH addressed to C-RNTI after initial UL transmission. We see some benefits do so, e.g., signalling overhead of unnecessary CR MAC CE transmission can be saved, when there are DL data arrival after initial transmission. 
Observation 7: Completing RACH-less HO by PDCCH reception addressed to C-RNTI is beneficial for reducing signalling overhead used for unnecessary CR MAC CE transmission when there are DL data arrival after initial UL transmission.
Therefore it is proposed to consider below proposal:
Proposal 6: UE considers RACH-less HO is successfully completed upon reception of PDCCH addressed to the UE’s C-RNTI after the initial UL transmission in target cell.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
PCI unchanged scenarios
Observation 1: Agreed UE behavior (explicit unchanged PCI indication/t-service) can already allow UE to search SSB and reacquire SIB19 from new satellite at t-service for both scenarios with/without coverage gaps, which allows unified UE behavior for all cases.
Observation 2: T-gap or t-start would require additional UE behavior, while only have obvious gains when coverage gap is large, e.g., for discontinuous coverage, which is not part of R18 NTN scope.
Observation 3: For unchanged with RACH, considering TAT timer as expired at t-service allows UE to initiate RACH only when needed (e.g., when there is uplink data arrives while TAT expired), with minimum specs impact.
Observation 4: Unchanged PCI without performing RACH, intends to only skip RACH procedure without involving any layer 3 signalling, which can be done by introducing one bit indication in SIB to inform UE to skip RACH procedure.
Proposal 1: A common solution (explicit indication for unchanged PCI switch +t-service ) is used to support unchanged PCI for all cases.
Proposal 2: For unchanged with RACH, UE considers TAT timer as expired at t-service.
Proposal 3: One explicit indication is introduced to inform UE to skip RACH for unchanged PCI. After reception of this indication, UE will not set set TAT timer as expired, no new UE behavior is needed.

RACH-less HO 
Observation 5: Both TAT and T430 is used in NTN for uplink synchronization purpose, which runs independently with each other. 
Observation 6: RSRP threshold is to guarantee UE selected beam is good enough for robust uplink transmission , which shall always be provided in preallocated grant.
[bookmark: _GoBack]Observation 7: Completing RACH-less HO by PDCCH reception addressed to C-RNTI is beneficial for reducing signalling overhead used for unnecessary CR MAC CE transmission when there are DL data arrival after initial UL transmission.
Proposal 4: UE (re)starts TAT after set the NTA value to the value indicated by targetNTA in rach-LessHO.
Proposal 5: ntn-RSRP-ThresholdSSB shall always be provided in preallocated uplink grant.
Proposal 6: UE considers RACH-less HO is successfully completed upon reception of PDCCH addressed to the UE’s C-RNTI after the initial UL transmission in target cell.
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