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1  Introduction
NTN specific mobility enhancement is one objective in R18 WI and RAN2 has made some progress on NTN specific handover enhancement in previous RAN2 meeting. 

This contribution gives our view on the open issues on RACH-less HO in NR NTN. 
2  Discussion

Issue 1: Threshold for RACH-less HO with dynamic grant
In LTE, if network provides the RACH-less HO configuration in HO command, UE will always perform RACH-less HO. But NR system is different from LTE. NR is a multi-beam system, and network provides the UL grant in the beam level. If the beam associated with the UL grant provided by network is not suitable in the current UE situation, directly using this UL grant via the indicated beam for the initial UL transmission in target cell will cause the handover failure. 
Observation 1: In case network cannot always ensure the indicated beam for dynamic grant reception is good, UE relying solely on the beam indicated by the network for dynamic grant reception in target cell will result in HO failure.

RAN2 agreed to support the combination of RACH-less HO with time-based CHO in last meeting. In the combination case, due to the CHO configuration being provided a long time in advance of HO execution, it is difficult to ensure that the beam indication for the first dynamic grant reception in CHO configuration is always correct. 
Observation 2: In the combination of RACH-less HO with time-based CHO, it is difficult for network to always provide accurate information (e.g. the beam indication for DG) in advance.
In NR multiple beam system, if one beam is not good for UE, it doesn't mean that UE cannot work well in current cell since other beams may be good to use. Therefore, upon receiving the RACH-less HO command, to avoid the handover failure probability, the safe way is for UE to fall back to RACH-based HO if the quality of the beam associated with the first UL grant is below a certain threshold.
Observation 3: For RACH-less HO in NR multi-beam system, the mechanism that fallbacks to RACH-based HO due to the indicated beam quality can avoid HO failure and improve HO robustness.
In previous RAN2 meeting, it was agreed that for RACH-less HO with pre-allocated grant, UE fallbacks to RACH-based HO if the SSB associated to the grant has RSRP lower than a threshold. For RACH-less HO with dynamic grant, we think the situation is same and UE will fall back to RACH-based HO if the indicated beam for dynamic grant reception has RSRP lower than a threshold. Otherwise, the RACH-less HO performance of using dynamic grant will be worse than using pre-allocated grant. 

Proposal 1: For RACH-less HO with dynamic grant, support the threshold-based fallback to RACH-based HO mechanism, i.e., same as the usage of RACH-less HO with pre-allocated grant. 
Issue 2: TATimer handling during RACH-less HO procedure

RAN2 made the following agreements on TATimer handling during RACH-less HO in last RAN2 meeting.
	RAN2#123bis agreements

·  UE relies on T304 and RRC Re-establishment procedure to address RACH-less HO failure in Rel-18 NTN (as in LTE). No new NTN-specific enhancements are introduced. If TAT expires, the UE follows the legacy procedures, regardless of the RACH-less HO configuration. RAN2 understands that the NW can ensure a proper configuration for TAT and T304 values (up to NW implementation, no need to capture this in the specs). 

·  We follow the LTE baseline for when UE starts the PTAG timeAlignmentTimer in NTN RACH-less HO (option 1 in R2-2311318)


Since RAN2 assumes UE behavior upon TATimer expiry is same as legacy during the RACH-less HO procedure, here we would like to make further clarification on this point. 

Following is the current description in MAC spec and RRC spec for the UE operation upon TATimer expiry. The behavior is actually only focusing the scenario without HO. 
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1> when a timeAlignmentTimer expires: 5.3.12  UE actions upon PUCCH/SRS release request
2> if the timeAlignmentTimer. is associated with the PTAG: Upon receiving a PUCCH release request from lower layers, for all bandwidth parts of an indicated serving cell the UE
shall
3> flush all HARQ buffers for all Serving Cells; 1> release PUCCH-CSI-Resources configured in CSI-ReportConfig;

R . . 1> release SchedulingRequestResourceConfig instances configured in PUCCH-Config,

3> notify RRC to release PUCCH for all Serving Cells, if configured;
| 5| Uponreceiving an SRS release request from lower layers, for all bandwidth parts of an indicated serving cell the UE

. . . shall

3> notify RRC to release SRS for all Serving Cells, if configured;

1> release SRS-Resource instances configured in SRS-Config.
3> clear any configured downlink assignments and configured uplink grants; Upon receiving a positioning SRS configuration for RRC_INACTIVE release request from lower layers, the UE shall:

1> release the configured srs-PosRRC-Inactive.

3> clear any PUSCH resource for semi-persistent CSI reporting;

3> consider all running timeAlignmentTimers as expired;
3> maintain Nrta (defined in TS 38.211 [8]) of all TAGs.





During HO, since MAC reset is applied upon HO execution which has cover most actions in TAT expiry case. Therefore, upon TATimer expiry, we would like to clarify the UE related to the RRC configuration part (the two bullets in the red circle). 
In legacy operation, UE will release the SR and PUCCH configuration upon TATimer expiry. But during RACH-less HO, since the corresponding SR/PUCCH configuration of target cell is only applied upon the HO successful completion, so it’s unnecessary to release it upon TATimer expiry before RACH-less HO completion. If later UE initiates RACH towards to the target cell and complete the HO, the configuration is still usable. 
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Figure-1. PUCCH/SRS configuration during RACH-less HO

Proposal 2: Clarify that UE will not release UE dedicated RRC configuration of target cell upon TATimer expiry during RACH-less HO.
Issue 3: Beam indication for RACH-less HO with dynamic grant 

Regarding the beam indication for dynamic grant during RACH-less HO, RAN1 just informed RAN2 the following information in their LS.  
· Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission.
But the information seems not sufficient, and RAN2 still need to resolve the following leftover issues.
1) Whether a beam is mandatorily included in the HO command for dynamic grant case?
For RACH-less HO with dynamic grant case, UE operation with the explicit beam indication is already clear, but if network does not provide such beam indication, both UE and network operation are not clear. In multi-beam system, without any beam indication, the understanding of which beam to use will differ between UE and network, resulting in handover failure. 

Therefore, the correct way is that network always provide the beam information to UE. 
Proposal 3: The beam indication is mandatorily included in RACH-less HO for dynamic grant case. 

2) How to indicate in HO command the beam indication associated with the dynamic grant for initial UL transmission?
Currently there are two options. 
· Option 1: TCI state ID. Similar mechanism to LTM.

· Option 2: SSB position in burst. Similar mechanism to the pre-configured grant.

Both options can work well. From signaling overhead perspective, the current TCI state ID way (option 1) is much simple and has small signaling overhead. Therefore, we think the TCI state ID can be used, and current description in RRC running CR is fine. 
Proposal 4: TCI state ID is used to indicate the beam associated to the dynamic grant for the first UL transmission during RACH-less HO. 
Issue 4: Whether UE can trigger RACH when SR is triggered and rach-lessHO is configured?
During the RACH-less HO, UE dedicated data transmission should be performed only after RACH-less HO is successfully completed, because network only recognizes this UE based on the 1st UL transmission successfully in target cell and then starts to schedule the user data transmission of this UE. Therefore, the user data should not be transmitted before the RACH-less HO is completed. 
Observation 4: User data should not be transmitted before RACH-less HO is successfully completed. 

For RACH-less HO, since UE is in UL sync state due to the TATimer running, and DRB are not suspended during the HO procedure, UE may initiate RA-SR procedure according to existing spec description, and we should avoid it. 

Proposal 5: UE should not trigger RA-SR during RACH-less HO. 
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: For RACH-less HO with dynamic grant, support the threshold-based fallback to RACH-based HO mechanism, i.e., same as the usage of RACH-less HO with pre-allocated grant. 

Proposal 2: Clarify that UE will not release UE dedicated RRC configuration of target cell upon TATimer expiry during RACH-less HO.

Proposal 3: The beam indication is mandatorily included in RACH-less HO for dynamic grant case. 

Proposal 4: TCI state ID is used to indicate the beam associated to the dynamic grant for the first UL transmission during RACH-less HO. 
Proposal 5: UE should not trigger RA-SR during RACH-less HO. 
