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1	Introduction
In this contribution, we discuss several connected mode issues for Rel-18 mobile IAB: issues related to RACH-less handover beam indication for on-board UEs, whether to support conditional handover of on-board UEs, and avoiding unnecessary handover measurements at mobile IAB nodes.
2	Discussion
2.1	Beam selection during mobile IAB RACH-less handover
At RAN2#123bis, the following agreements and observation were made related to the beam indication used for mobile IAB RACH-less handover:· P4a. For mIAB RACH-less HO, the target cell beam information is explicitly included in HO command (confirms existing mIAB agreement).
· P4b. For RACH-less HO in mIAB, it is left to network implementation whether the network selects a beam (to indicate to the UE) based on the UE measurement report, or the network uses implicit knowledge to select a beam (to indicate to the UE).
· Observation: for mIAB, the network can always provide a beam indication

P4b was agreed because companies wanted to support both cases for determining the beam indication, i.e. based on UE measurements and based on blind indications. 
In mobile IAB, the main incentive for supporting RACH-less handover is to minimize the interruption experienced by connected UEs during the full migration procedure. However, having UEs measure and report the beams of the target DU cell would introduce additional delays to the procedure. Therefore, while the measurement-based approach to beam indications was agreed to be supported, in may be sub-optimal in general as the added delays/gaps could potentially offset the benefits of adopting a RACH-less approach. 
Observation 1: Relying on UE measurements to determine the beam indications introduces additional delays to the RACH-less handover procedure, which could offset the benefits of RACH-less.
Therefore, for mobile IAB, there seems to be good incentive to adopt blind beam indications to minimize interruptions and delays for UEs. However, to support blind beam indications, additional aspects need to be considered. If the blind indication is completely blind/random and if the indication is too granular, it may result in suboptimal beam selection and cause failed RACH-less HO; alternatively, if the indication is not granular enough, it could require the UE to spend time taking more precise measurements to refine the beam selection, as in the measurement-based approach discussed above; in either case, the benefits of a totally blind approach seem weak compared to just using a normal RACH-based handover procedure.
A “smarter” blind handover procedure could possibly be implemented if there is a known one-to-one beam mapping between the source and target DU cell beams, i.e. so that the target beam could be known already based on the beam the UE was using in the source cell. In this case, there are not any UE issues foreseen. However, to support blind handover based on beam mapping, it would need to be considered how the mapping is determined between DUs, and also how the mapping is informed to the source and target donor CUs (i.e. in order to select/indicate the beam). How this is handled could also depend on whether the IAB-MT is handed over before or after the DU migration procedure, and also whether the IAB-MT is handed over to the same or a different CU than the one acting as a donor for the target DU. RAN3 would need to be involved, considering the F1AP and XnAP enhancements that would need to be specified.
Observation 2: For blind beam indications to be effective, there would need to be a known one-to-one beam mapping between the source and target DU cells, which is also informed to the source and target CUs. This would require RAN3 to specify F1AP and XnAP enhancements.
Last meeting, some companies argued that these issues were already solved by existing RAN3 agreements related to source-target mapping (from RAN3#121 report R3-235697):
Agreements: 
The following WA is turned into an agreement
“As an enhancement to legacy handovers, the IAB-node may provide to the source DU’s CU a mapping between the source DU’s activated cells and the target DU’s activated cells so that the source DU’s CU can perform handover for the connected UEs. This agreement does not relate to the configuration sharing between two logical collocated mIAB-DUs.”
However, our understanding is that the above RAN3 agreement only relates to cell ID mapping, whereas the beam mapping would fall under the configuration sharing aspect which is clearly stated to not be covered by the above agreement. This seems to be confirmed by the RAN3-agreed text in the Mobile IAB running CR for TS 38.473 (F1AP spec) (see Annex).
So far, RAN2 has not made any strong assumption that the source and target cells have “similar” beam configurations; indeed, it was agreed at RAN2#119bis that the source/target DU cells use different physical resources, meaning that the cells could use different carriers and, hence, their beam characteristics could be different. Thus, we cannot assume in general that a known source-target cell ID mapping would imply any known beam correspondence between the cells. 
Observation 3: RAN3 only agreed to support cell ID mapping between source and target cells and beam-level configuration mapping does not appear to be supported in RAN3 (at least not in general).
Observation 4: In general, beam correspondence cannot be assumed to be known based on source-target cell ID mapping alone.
Therefore, RAN2 should clarify if RAN3 supports beam mapping, since it impacts whether blind beam indications can be supported for RACH-less handover.
Proposal 1: RAN2 should clarify with RAN3 whether beam-level mapping between source and target cells is currently supported.
2.2	Conditional handover of on-board UEs
Earlier there were concerns that the full migration scenario could cause problems in the way of unwanted signalling storms or handover failures due to many on-board UEs being handed over from source to target logical DU in parallel with the IAB-MT handover.
RAN2 considered several options for handover of on-board UEs in this scenario. One way to reduce too many handovers being triggered simultaneously is through the use of CHO (supported by Rel-16 UEs and later). Furthermore, in RAN2#121bis, it was discussed whether CondEvent T1 (defined in Rel-17 for NTN-capable UEs) could be extended to Rel-18 TN UEs on-board a mIAB node to “spread out” the handover based on a timer.
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.
CondEvent T1 is triggered when a configured threshold t1-threshold (defined as a specific UTC time in 10ms) has elapsed. CondEvent T1 is currently only applicable to NTN-capable UEs supporting the capability timeBasedCondHandover-r17. However, considering that legacy UEs can already determine the current UTC time from the timeInfoUTC field broadcasted in SIB9, it seems likely that there are no inherent technical issues that would prevent TN UEs from supporting this capability. Indeed, for Rel-18 TN UEs to support CondEvent T1, our understanding is that the required specification work within RAN2 would only be to remove certain restrictions (e.g. in 38.306, 38.331) that currently limit this feature/capability to NTN UEs.
Observation 3: Rel-18 TN UEs can likely support CondEvent T1 with small specification effort within RAN2.
On the other hand, in the mIAB context, the overall benefit from Rel-18 TN UEs supporting CondEvent T1 could be quite small. Recalling why CHO was originally discussed in this context, the purpose was to minimize signalling storms and/or connection failures associated with simultaneous handovers of connected UEs during full migration.
However, in RAN2#119bis, it was agreed (R2-2211101):
RAN2 focuses on the scenario where, during full migration, the UE sees the two logical DU cells as different physical cells (e.g. with different PCI if same carrier), and where the two logical DU cells use separate physical resources (i.e., different carriers, or orthogonal time and frequency resources of the same carrier, as supported by legacy L1).
And, in RAN3#119 it was agreed (R3-231101):
Agreements: The HO of UEs from the source logical mIAB-DU´s CU to the target logical mIAB-DU´s CU should happen after the completion of the F1 setup. When to trigger the HO is up to source logical mIAB-DU´s CU implementation.
Additionally, an earlier agreement from RAN3#117bis states (R3-226101):
mIAB-DU migration and mIAB-MT handover can be executed independently from each other.
These agreements imply that the cells of the source and target logical DUs could be active simultaneously and will be perceived as distinct cells by connected UEs, and further that there is no coupling of the IAB-MT HO with the handover of on-board UEs. Together, these already mitigate the risk of handover failures (at least there is no more risk than inter-CU handover in a stationary network). Furthermore, based on the above agreement from RAN3#119, the source logical DU’s donor CU could “spread out” the handover triggers for different UEs (i.e. to hand UEs over sequentially) in order to minimize signalling storms.
Observation 5: Based on existing agreements in RAN2 and RAN3, signalling storms can already be mitigated during full migration.
Considering the above, the motivation for supporting CondEvent T1 in Rel-18 TN UEs is still not very clear. Even if it is supported, the overall benefit could be quite small anyways since a relatively small number of UEs connected to the mobile IAB node would support it.
Observation 6: The overall motivation for and benefit from Rel-18 TN UEs supporting CondEvent T1 is still not very clear.
Proposal 2: RAN2 does not agree to support CondEvent T1 for Rel-18 TN UEs until benefits are better understood.
2.3	Preventing unnecessary measurements of mobile IAB cells
Earlier, in RAN2#119, it was agreed:
The method of not broadcasting “iab-Support” indication, is sufficient to prevent other IAB-node from accessing mobile IAB (without further spec impact).
We assume that this agreement applies to IAB node integration only. In the context of handover – and particularly with inter-donor handover in mind – this agreement could suggest that before measurement reporting, an IAB node is required to first decode the system information of neighbour cells in order to refrain from reporting cells that are not broadcasting the “iab-Support” or “mobileIAB-Support” indications. Such a requirement could introduce extra measurement gaps, which could unnecessarily disrupt the backhaul of the IAB node.
Since there could be other ways to know whether a target cell belongs to a mobile IAB, e.g. based on XnAP procedures (see discussion in R3-234010 Section 4, for example), we raised this issue at RAN2#121bis and proposed that a mobile IAB-MT should not be required to decode the system information of cells so it can refrain from reporting measurements of other mobile IAB cells (see R2-2302929); however, RAN2 made the following assumption:
· R2 assumes that a mobile IAB node is not required to receive the system information of neighbour cells for reporting of measurements (i.e. it will not refrain from reporting measurements of cells that are not broadcasting the “mobile iab Support” indication, and this is acc to current R2 TS).
In our view, the latter part of this assumption, i.e. that a mobile IAB-MT will not refrain from reporting measurements of cells that are not broadcasting the “mobile iab Support” indication, is too strong. For example, RAN2 should not preclude the scenario where a donor CU could configure an IAB-MT to avoid taking measurements of PCIs associated with other mobile IAB cells, e.g. based on the parameter MeasObjectNR > excludedCellsToAddModList. Therefore, RAN2 should clarify the following proposal.
Proposal 3: An IAB node may receive a measurement configuration indicating mobile IAB cells to be excluded from measurements.
3	Conclusion
This document has made the following observations:
Observation 1: Relying on UE measurements to determine the beam indications introduces additional delays to the RACH-less handover procedure, which could offset the benefits of RACH-less.
Observation 2: For blind beam indications to be effective, there would need to be a known one-to-one beam mapping between the source and target DU cells, which is also informed to the source and target CUs. This would require RAN3 to specify F1AP and XnAP enhancements.
Observation 3: RAN3 only agreed to support cell ID mapping between source and target cells and beam-level configuration mapping does not appear to be supported in RAN3 (at least not in general).
Observation 4: In general, beam correspondence cannot be assumed to be known based on source-target cell ID mapping alone.
Observation 5: Based on existing agreements in RAN2 and RAN3, signalling storms can already be mitigated during full migration.
Observation 6: The overall motivation for and benefit from Rel-18 TN UEs supporting CondEvent T1 is still not very clear.
And proposed the following:
Proposal 1: RAN2 should clarify with RAN3 whether beam-level mapping between source and target cells is currently supported.
Proposal 2: RAN2 does not agree to support CondEvent T1 for Rel-18 TN UEs until benefits are better understood.
Proposal 3: An IAB node may receive a measurement configuration indicating mobile IAB cells to be excluded from measurements.
Annex
The following text is from the running CR for TS 38.473 (F1AP spec) [R3-235977], which was endorsed at RAN3#121-bis. The highlighted text shows that only the cell ID mapping is shared between the source-target DUs.
8.10.Y	Mobile IAB F1 Setup Outcome Notification
8.10.Y.1	General
The purpose of the Mobile IAB F1 Setup Outcome Notification procedure is to report the outcome of the F1 interface setup between a target logical gNB-DU and a target F1-terminating IAB-donor-CU. The target logical gNB-DU is co-located with the gNB-DU that sends the notification message and can be used to set up another F1 interface for supporting mobile IAB-DU migration. This procedure uses non-UE associated signalling.
NOTE:	This procedure is applicable for mobile IAB-nodes, where the term "gNB-DU" applies to mobile IAB-DU, and the term "gNB-CU" applies to source F1-terminating IAB-donor-CU during mIAB-DU migration. 
8.10.Y.2	Successful Operation


Figure 8.10.Y.2-1: Mobile IAB F1 Setup Outcome Notification: Successful Operation
The gNB-DU initiates the procedure by sending the MIAB F1 SETUP OUTCOME NOTIFICATION message to the gNB-CU. After the target logical gNB-DU co-located with the gNB-DU has performed the F1 setup procedure with the target F1-terminating IAB-donor-CU, the gNB-DU sends the MIAB F1 SETUP OUTCOME NOTIFICATION message to the gNB-CU, to report the outcome of the F1 setup towards the target F1-terminating IAB-donor-CU.
If the Activated Cells Mapping List is included in the MIAB F1 SETUP OUTCOME NOTIFICATION message, the gNB-CU shall, if supported, take it into account when further performing handover of the connected UEs from this gNB-DU to its co-located target logical gNB-DU.
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This message is sent by the gNB-DU to notify the gNB-CU about the outcome of F1 interface setup between the gNB-DU’s co-located target logical gNB-DU and a target F1-terminating IAB-donor-CU. 
Direction: gNB-DU  gNB-CU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	F1 Setup Outcome
	M
	
	ENUMERATED (success, failure, …)
	
	YES
	reject

	Activated Cells Mapping List
	
	0..1
	
	
	YES
	ignore

	>Activated Cells List Mapping Item IEs
	
	1.. <maxCellingNBDU>
	
	List of activated cells. 
	EACH
	ignore

	>>NR CGI for Target Logical gNB-DU
	O
	
	NR CGI 9.3.1.12
	The identity of an activated cell belonging to the target logical gNB-DU of the mobile IAB-node
	-
	

	>>NR CGI for Source Logical gNB-DU
	O
	
	NR CGI 9.3.1.12
	The identity of an activated cell belonging to the source logical gNB-DU of the mobile IAB-node
	-
	



	Range bound
	Explanation

	maxCellingNBDU
	Maximum no. cells that can be served by a gNB-DU. Value is 512.
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