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1. Introduction
During the RAN2#121bis-e meeting, following agreement was achieved for the connected mode UE mobility enhancement for mobile IAB [1].

	· RACH-less for mIAB scenario, if agreed in the end, will cover only the case of same-TA. 
· Feasibility of beam handling during RACH-less HO in the mIAB WI is FFS (and this need to be addressed for RACH-less to be supported for mIAB). 
· RAN2 discuss further the following options to support beam operation for the first UL transmission/DL reception towards the target logical DU in RACH-less HO during DU migration:
· Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details. 
· Option 2: (Implicit approach) UE re-uses the same beam status as in the source cell (the beam information is not carried explicitly in HO command).
· RACH-less HO with same TA with security key change is in scope for served UEs during mIAB DU migration. FFS UL grant and HO completion procedure in mIAB RACH-less HO. 
· FFS: May support CHO with CondT1 if it is “for free”, i.e. if TS impact is just to slightly modify the description to make it also applicable to TN. 



This contribution mainly focuses on the remaining issues of connected mode UE mobility enhancement for mobile IAB.
2. Discussion
2.1 RACH-less HO
For the beam operation
According to the agreements in the last meeting, two options for the beam operation are on the table: explicitly indicate the beam information, or implicitly reusing the same beam as in the source cell. In this part, we will analyse the two options in detail.
For the explicit approach, the beam is decided by either the source DU or the target DU. Recall that in the legacy RACH-based HO, the source gNB sends the beam level measurement results to the target gNB; the target gNB allocates the RACH resource related to the beams, and sends the RACH resource to the UE in the RRC container which is transported by the source gNB. In RACH-less HO, there is no RACH resource allocated to the UE, and we have the following two feasible sub-options for the option 1’s explicit approach:
· Option 1a: Source DU decides the beam to be used based on the beam level measurement results, and informs the beam to the target DU. The beam is then to be included in the HANDOVER COMMAND.
· Option 1b: Target DU decides the beam based on the informed beam level measurement results. The beam indication is transported to the UE by the source DU and is transparent to the source DU.
Option 1b has less spec impacts compared with Option 1a. For Option 1b, the only difference than the RACH-based HO is that the target gNB directly indicates the determined beam but not RACH resources to the UE in the container. It has no RAN3 impact but only RRC impact. But for Option 1a, the source DU should be able to open the HANDOVER COMMAND and add the beam indication in it. We prefer Option 1b for the explicit beam indication. 
Observation 1: To decide the target beam for UE RACH-less HO, the beam level measurement report is necessary.
It is proposed:
Proposal 1a: For the explicit approach of beam indication in RACH-less HO, the target DU decides the beam based on the informed beam level measurement results. The beam indication is included in the HO command to the UE (transparent to the source DU).
For the implicit approach, it depends on the assumption that the source cell and the target cell share the same beam directions. If applicable, the implicit approach helps to save the signalling overhead, e.g., the measurement report. The DU information sharing is currently discussed in RAN3. We can send LS to RAN3 on the Option 2 to provide RAN2’s view on the benefit of the DU information sharing.
Proposal 1b: RAN2 sends LS to RAN3 to ask for the feasibility of the beam indication implicit approach in RACH-less HO, i.e., UE re-uses the same beam status as in the source cell.

For the UL grant and HO completion
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. In our view, both options are feasible. 
In the last meeting, NTN community achieved the following agreements [2]:
Agreements via email – from offline 109:
1. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
2. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
3. RAN2 confirms the general UE procedure for NTN RACH-less HO 
	1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
	2.	start timer T304 for the target cell (RRC)
	3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
	4.	start time alignment timer (MAC)
	5.	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
	6.	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
	7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
	8.	stop timer T304 for the target cell. (RRC)
	FFS whether to release UL grant if pre-allocated after RACH-less HO completion
	FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
	FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
4.	The pre-allocated grant is provided as type-1 CG
5.	Send an LS to RAN1 informing RAN2 agreements on NTN RACH-less HO and check RAN1 views on the following aspects:
	1. whether the pre-allocated grant is provided with association to SSBs; if so, whether a RSRP threshold is configured for SSB selection.
	2. to monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam indication can be provided in RACH-less HO command.
	3. power control for initial UL transmission

The highlight sentences show that both type-1 configured grant and dynamic grant are supported in NTN. We can follow the NTN conclusion for the UL grant in mobile IAB.
In RACH-based HO, 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. The HO completion determination at UE side should also be considered for the RACH-less HO. In the NTN RACH-less HO solution, the target gNB sends the contention resolution identity MAC CE to the UE after successfully receiving the RRCReconfigurationComplete message. The agreement for NTN in the last meeting is posted as below:
Agreements online:
1. At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant.

We can also follow the NTN conclusion for the HO completion in mobile IAB. It is proposed:
Proposal 2: Follow the NTN conclusion for the UL grant and HO completion in RACH-less HO:
1. Both type-1 configured grant and dynamic grant are supported.
2. The UE considers that RACH-less HO is successfully complete, when the UE Contention Resolution Identity MAC CE is received.

2.2 CHO
As noted by the FFS in the last meeting, whether to support CHO with CondT1 in mobile IAB needs to be further justified.
In TS 38.331, it is specified that the time based conditional handover requires UE to counts the UTC seconds (i.e. GNSS capability like gnss-Location-r16). In TS 38.306, it is also specified that “A UE supporting this feature (time based conditional handover) shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.” Whether the mobile IAB-node should possess such NTN specific UE capability for supporting the CondT1 needs to be further justified.
Observation 2a: CondT1 for CHO requires the NTN specific UE capability.
The CondT1 is introduced in NTN, because the satellite movement is deterministic. The time of the appearance of the target cell and the disappearance of the source cell are deterministic. But in mobile IAB’s DU migration scenario, the time for executing the handover is unpredictable.
Observation 2b: The exact time to perform group UE mobility (i.e. t1-Threshold) is not predicable in mobile IAB scenario (i.e. the time of target DU setup), unlike NTN.
In NTN, the time-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5), as specified in TS 38.300 and TS 38.331. It is because the time-based trigger is a kind of optimization. In NTN, there exists the case when the A3/A4/A5 has not been reached yet but the network intends to switch the UE at that time, then the time-based trigger can let the UE switches as hoped. Even though, the measurement-based trigger condition is always configured as the bullet-proof option. If the CondT1 configuration fails, the UE can still switch later when A3/A4/A5 event happens. However, in mobile IAB, if the measurement-based triggered condition is configured, implementation can make it happen whenever it is needed. There is no case where the network intends to switch the UE but A3/A4/A5 cannot be reached.
Observation 2c: In NTN, CondT1 is always configured together with events A3/A4/A5. But in mobile IAB DU migration scenario, if event A3/A4/A5 is configured, CondT1 does not help additionally. 
Based on the observations above, we don’t see the need of introducing the CondT1 for CHO in mobile IAB. We also observe that in NES topic, it is under discussing extending the time-based CHO trigger from NTN to TN. Maybe we can also wait for the NES WI progress at this time, which is also discussing to introduce CondT1 in TN. Thus, we propose:
Proposal 3: Not to introduce CondT1 for CHO in mobile IAB (or we can just wait for the NES WI progress).

2.3 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 3: NW may consider to configure on-board UE with CHO, 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 4: 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 5: 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 4: 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, 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: To decide the target beam for UE RACH-less HO, the beam level measurement report is necessary.
Observation 2a: CondT1 for CHO requires the NTN specific UE capability.
Observation 2b: The exact time to perform group UE mobility (i.e. t1-Threshold) is not predicable in mobile IAB scenario (i.e. the time of target DU setup), unlike NTN.
Observation 2c: In NTN, CondT1 is always configured together with events A3/A4/A5. But in mobile IAB DU migration scenario, if event A3/A4/A5 is configured, CondT1 does not help additionally. 
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Observation 4: 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 5: 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”.

RACH-less beam indication
Proposal 1a: For the explicit approach of beam indication in RACH-less HO, the target DU decides the beam based on the informed beam level measurement results. The beam indication is included in the HO command to the UE (transparent to the source DU).
Proposal 1b: RAN2 sends LS to RAN3 to ask for the feasibility of the beam indication implicit approach in RACH-less HO, i.e., UE re-uses the same beam status as in the source cell.
RACH-less UL grant/HO completion
Proposal 2: Follow the NTN conclusion for the UL grant and HO completion in RACH-less HO:
1. Both type-1 configured grant and dynamic grant are supported.
2. The UE considers that RACH-less HO is successfully complete, when the UE Contention Resolution Identity MAC CE is received.
CHO  
Proposal 3: Not to introduce CondT1 for CHO in mobile IAB (or we can just wait for the NES WI progress).
Connected mode on-board UE identification by NW  
Proposal 4: 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, 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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