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1. Introduction
During the RAN2#119-e meeting, following agreement was achieved for mobile IAB mobility enhancement [1].

	R2 assumes RACH-less procedure may be considered for on-board RRC_CONNECTED UEs, which are to be handed over together with the mobile IAB-node (would depend also on the assumptions for UL synch). 



This contribution mainly focuses on the remaining issues of connected mode UE mobility enhancement for mobile IAB.
2. Discussion
2.1 RACH-less 
For the security update
When the serving CU of the UE changes, the UE should perform the integrity protection and ciphering algorithms update via the reconfigurationwithsync in the handover command. In the legacy process, the reconfigurationwithsync will trigger the UE to perform a RACH procedure to the target cell, and to perform RLC re-establishment/MAC reset as needed. Even though the RACH procedure is omitted, other configurations in reconfigurationwithsync are still necessary for the UE performing inter-CU handover. The reconfigurationwithsync should be updated to support the RACH-less option while the other configurations related to security update should remain unchanged.
Observation 1: If RAN2 agrees to support the RACH-less for R18 UEs under mobile-IAB cell, the security update during DU migration can be performed by the reconfiguration with sync procedure with MAC reset and other L2 re-establishment, as supported in legacy, even with RACH-less procedure.
For the acquirement of TA
When on-board UE moves together with the mobile IAB-node, the timing advance of this UE remains unchanged from the source cell to the target cell, and thus the RACH procedure during UE HO can be omitted. RACH-less based HO can be considered for R18 IAB group mobility enhancement, and the UL TA and the configured UL grant which are originally indicated by RACH procedure should be transmitted to the UE by other means. Specifically, the NW may send an indication to the UE that the current TA is still valid and provide the configured UL grant. Such indication may be included in the Handover Command.
On the other side, the RACH-less feature is also discussed simultaneously in other WIs, e.g., NR NTN for L3 mobility and NR mobility enhanced for L1/L2 triggered mobility. Therefore, it is suggested the general principle,
Proposal 1: RACH-less in mobile IAB can wait for more progress in other WIs, including NR NTN for L3 mobility and Mobility enhancement for L1/L2 Triggered Mobility, to avoid unnecessary different design or duplicated discussion which could be common with other WIs.
If RAN2 prefers to discuss the RACH-less initially in mobile IAB or prefer the WI specific discussion, we have following understanding for the issues to be addressed.
In DU migration scenario of mobile IAB, the TA should be same between the source cell and target cell for the same UE during mobility, considering the cells are in the same NW node. Then, it is NW implementation to evaluate whether previously used TA at source cell can be reused by UE when switching to the target cell. While the coordination can be left to intra-node implementation.
Proposal 2a: NW can indicate that the source TA will be still valid at the target cell in the HO command, in RACH-less of mobile IAB.
As to the handover procedure aspects, the HO procedure (e.g. related to the T304 handling) can be considered as completed once the RACH to the target cell is successfully done. However, the HO procedure completion determination at UE side should be considered for the RACH-less HO. We believe that UE can consider the RACH-less HO as completed once UE is confirmed that the first UL data is successfully received by the NW.
Proposal 2b: The UE considers that RACH-less HO is complete, when the UE determines the NW has successfully received its first UL data (common with other WIs).
Considering that there will be no RAR for the UL grant allocation in the RACH-less procedure, it should be discussed by RAN2 on how the UL grant for the first UL data transmission at target cell is allocated/indicated to the UE. By considering the legacy LTE RACH-less method, there are two candidate options on the table, i.e. configured grant and dynamic grant.
Proposal 2c: For the first UL data transmission at target cell in RACH-less of mobile IAB, RAN2 to discuss whether the configured grant and dynamic grant are supported.
Other than the UL grant allocation issue, we should also conclude on the beam used at target cell, which seems requires RACH-less specific solution.
Observation 2: In legacy RACH-based HO, the beam is selected by the UE during RACH and its association with the selected RACH occasion is used for the beam alignment between the UE and target cell.
Observation 3: In DU migration of mobile IAB, if all the beam configuration can be copied from source DU to target DU (discussing in RAN3), then target DU can continue use the previous beam of UE. Then, there is no need of any additional solution for beam alignment.
Proposal 2d: For the first UL data transmission at target cell in RACH-less of mobile IAB, RAN2 to discuss how is the beam used at target cell determined without RACH procedure, and then the solution to align the used beam between UE and target cell:
· source cell decides the beam, or
· target cell decides the beam, or
· UE selects the beam.
2.2 Connected mode on-board UE identification by NW
As for on-board UE in RRC_CONNECTED state, once identified by the NW, some possible enhancements may be performed for this UE, e.g., CHO configuration, RACH-less, and RRM measurement relaxation. 
Observation 4: NW may consider to configure on-board UE with CHO and RACH-less HO, based on its knowledge of the on-board UE identification in addition to the legacy RSRP measurement report.
Another usage for NW to identify on-board UE can be configuring the measurement configuration. During DU migration, on-board UE is supposed to be handed over from source DU to target DU. However, typically, the RSRP of this source cell and target cell are quite similar. There may be quite a chance that on-board UE cannot trigger measurement report, due to the similar RSRP between source cell and target cell. So, NW implementation may want to configure some different trigger event parameters for on-board UE, so that at least on-board UE can report the measurement result to initiate the full migration. In this case, it is beneficial for NW to identify the connected on-board UE. 
Observation 5: NW may configure specific measurement report configurations to on-board UEs (could be different with other UEs), so that those UE can timely report the measurement result of the target DU’s cell during DU migration.
Besides, currently UE can include its latest mobility state in RRCSetupComplete/RRCResumeComplete and NW may provide proper mobility configuration to UE according to this state. So if on-board UE is moving fast together with the mobile IAB-node, it will detect itself in Normal-mobility state since it is relatively stationary with the serving cell i.e. the mobile-IAB cell, and report this state to NW. As to surrounding UE, it will also report Normal-mobility state to NW because of its low mobility in the surrounding cells before it camps on the mobile-IAB cell. Therefore, it is necessary for served UE to indicate its on-board status to NW during the establishment or resume of RRC connection, so that NW can identify the type of a specific UE and consider the suitable handling for later mobility configuration (since on-board UE will move together but surrounding UE will leave the mobile IAB cell). 
Observation 6: NW may consider different handling between on-boarding UEs and surrounding UEs, even when both kinds of UEs report the same value of mobilityState as “Normal”.
Hence, it is proposed,
Proposal 3: RAN2 to support the on-board UE identification in RRC_CONNECTED for below motivations:
· used for NW to determine whether UE is suitable to be configured with CHO and RACH-less HO, in addition to the RSRP measurement reporting;
· used for NW to configure on-board UE with specific measurement report configuration, so that it can timely report the measurement result of target DU’s cell during DU migration;
· used for NW to consider different handling between on-boarding UEs and surrounding UEs, even when both kinds of UEs report the same value of mobilityState as “Normal”.
3. Conclusion
This paper mainly discusses the remaining issues of mobility enhancement for mobile IAB, and the following observations and proposals are provided,
Observation 1: If RAN2 agrees to support the RACH-less for R18 UEs under mobile-IAB cell, the security update during DU migration can be performed by the reconfiguration with sync procedure with MAC reset and other L2 re-establishment, as supported in legacy, even with RACH-less procedure.
Observation 2: In legacy RACH-based HO, the beam is selected by the UE during RACH and its association with the selected RACH occasion is used for the beam alignment between the UE and target cell.
Observation 3: In DU migration of mobile IAB, if all the beam configuration can be copied from source DU to target DU (discussing in RAN3), then target DU can continue use the previous beam of UE. Then, there is no need of any additional solution for beam alignment.
Observation 4: NW may consider to configure on-board UE with CHO and RACH-less HO, based on its knowledge of the on-board UE identification in addition to the legacy RSRP measurement report.
Observation 5: NW may configure specific measurement report configurations to on-board UEs (could be different with other UEs), so that those UE can timely report the measurement result of the target DU’s cell during DU migration.
Observation 6: NW may consider different handling between on-boarding UEs and surrounding UEs, even when both kinds of UEs report the same value of mobilityState as “Normal”.
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RACH-less
Proposal 1: RACH-less in mobile IAB can wait for more progress in other WIs, including NR NTN for L3 mobility and Mobility enhancement for L1/L2 Triggered Mobility, to avoid unnecessary different design or duplicated discussion which could be common with other WIs.
Proposal 2a: NW can indicate that the source TA will be still valid at the target cell in the HO command, in RACH-less of mobile IAB.
Proposal 2b: The UE considers that RACH-less HO is complete, when the UE determines the NW has successfully received its first UL data (common with other WIs).
Proposal 2c: For the first UL data transmission at target cell in RACH-less of mobile IAB, RAN2 to discuss whether the configured grant and dynamic grant are supported.
Proposal 2d: For the first UL data transmission at target cell in RACH-less of mobile IAB, RAN2 to discuss how is the beam used at target cell determined without RACH procedure, and then the solution to align the used beam between UE and target cell:
· source cell decides the beam, or
· target cell decides the beam, or
· UE selects the beam.

Connected mode on-board UE identification by NW  
Proposal 3: RAN2 to support the on-board UE identification in RRC_CONNECTED for below motivations:
· used for NW to determine whether UE is suitable to be configured with CHO and RACH-less HO, in addition to the RSRP measurement reporting;
· used for NW to configure on-board UE with specific measurement report configuration, so that it can timely report the measurement result of target DU’s cell during DU migration;
· used for NW to consider different handling between on-boarding UEs and surrounding UEs, even when both kinds of UEs report the same value of mobilityState as “Normal”.
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