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1. Introduction
RAN#94e approved the new work item on Mobile IAB, whose WID was revised in RAN#96 as follows [1]: 
	The detailed objectives of the WI are listed as follows:
· Define Procedures for migration/topology adaptation to enable IAB-node mobility, including inter-donor migration of the entire mobile IAB-node (full migration) [RAN3, RAN2]

· Enhancements for mobility of an IAB-node together with its served UEs, including aspects related to group mobility. No optimizations for the targeting of surrounding UEs. [RAN3, RAN2]

Note: Solutions should avoid touching upon topics where Rel-17 discussions already occurred and where the topic was excluded from Rel-17, except for enhancements that are specific to IAB-node mobility.

· Mitigation of interference due to IAB-node mobility, including the avoidance of potential reference and control signal collisions (e.g. PCI, RACH). [RAN3, RAN2]

Note: At the beginning of the work period, RAN3, RAN2 should discuss the potential complexity of a scenario where a mobile IAB node connects to a stationary (intermediate) IAB node, with respect to the scenario where a mobile IAB node connects directly to an IAB-donor.
The following principles should be respected:

· Mobile IAB-nodes should be able to serve legacy UEs.

· Solutions providing optimization for Mobile IAB may entail Rel-18 UE enhancements, provided that such enhancements are backwards compatible


One of the major challenges in Rel-18 is how to execute the handover of multiple descendant UEs efficiently during the mobile IAB-node migration. In this contribution, the initial discussion for mobility enhancements of Mobile IAB is provided, from the viewpoint of UE handover. 
2. Discussion 
2.1. Group reconfiguration 
The group UE mobility is expected as one of the possible enhancements for mobile IAB [1], since many UEs served by the mobile IAB-node need to be handed over at the same time when the mobile IAB-node is migrated to a new IAB-donor. 

In the current specification, the handover is indicated by the dedicated signalling, i.e., RRC Reconfiguration with sync [2], which means number of individual messages need to be sent to each UE at the same time. So, one of candidate solution to reduce the signalling overhead/latency could be the group reconfiguration, whereby a single message is expected to reconfigure more than one UEs. 
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Figure 1
 Examples of traditional handover (upper) and group reconfiguration (lower)
The group reconfiguration was already discussed in Rel-17 MBS as the “common RRC structure” and the rapporteur provided the following summary [3]: 
	on common RRC structure:
Summary:
Clear majority  (16 vs. 5) thinks it is not feasible to do common RRC configuration. Although from rapporteur point of view it seems there is not really any technical limitations to prevent doing that but it seems there is great opposition to do this. Generic understanding seems to be that doing common RRC structure has drawback to Uu signaling overhead but would benefit F1/E1 signaling. Considering company positions though it is proposed to keep existing RRC signaling structure:

Proposal 2: Keep current CR RRC structure and do not progress common RRC structure (i.e. no impacts to RRC CR)


The point was that the UE anyway needs to receive the dedicated RRC Reconfiguration, in addition to the group RRC Reconfiguration. So, it was a common view for MBS that there is less benefit (or rather drawback) in Uu signalling, while there might be some benefit for F1/E1 signalling. As the result, RAN2 decided to keep the current structure, i.e., only with the individual RRC Reconfiguration [4]: 
	· For P2, RAN2 assumes that if agreed, RRC would still use dedicated UE configuration. 


In our view, the same concerns are applicable to the group reconfiguration for the mobile IAB, i.e., different UEs have different configurations, so a single group reconfiguration cannot handle different configurations for different UEs. Although the F1 signalling reduction is also more useful in Mobile IAB than MBS, the backhaul link is assumed on FR2 in general, so the signalling reduction in the access link is still more important. 

As the WID clearly states “Solutions should avoid touching upon topics where Rel-17 discussions already occurred and where the topic was excluded from Rel-17, except for enhancements that are specific to IAB-node mobility.” [1], RAN2 does not need to re-open the group reconfiguration (nor the common RRC structure) for Rel-18 Mobile IAB, at least from RAN2 point of view. 
Proposal 1 RAN2 should agree that only the individual RRC Reconfiguration is used for the UE handover due to the mobile IAB-node migration, i.e., as it is today. 

2.2. Handover for legacy UEs 

As indicated in the WID [1], “Mobile IAB-nodes should be able to serve legacy UEs.” So, RAN2 should discuss how to perform the handover for legacy UEs. 

RAN3 had the two solutions for reduction of service interruption during intra-donor IAB-node migration in Rel-17 [5], whereby Solution 1 is referred in Figure 1 below. 
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Figure 2
 Solution 1 for reduction of service interruption [5]
With Solution 1 in [5], the IAB-DU withholds the RRC Reconfiguration message to its child node during its handover completion. RAN2 concluded both Solutions needed further discussion but there were fewer overall impacts in Solution 1, compared to Solution 2 [6]. 
Of course, the handover of UEs can be performed without Solution 1. However, similar to the issue for IAB-nodes in Rel-17 above, the UE would experience service interruption during mobile IAB-node migration in case Solution 1 is not applied, since the inter-donor migration involves the handover of descendant UEs. So, RAN2 should assume Solution 1 for intra-donor migration is reused for the reduction of service interruption for legacy UEs during inter-donor mobile IAB-node migration. 
Proposal 2 RAN2 should assume Solution 1 for reduction of service interruption during intra-donor IAB-node migration in Rel-17 can be reused for handover of legacy UEs. 
2.3. Conditional reconfiguration 
In case the individual RRC Reconfigurations are sent to the UEs at the same time, the loads in radio resource would be increased due to many RRC messages and their corresponding responses. For load balancing, i.e., time domain distribution, conditional reconfiguration would be considered useful since the IAB-donor may subsequently reconfigure the UEs in advance of the mobile IAB-node migration, so that the IAB-donor can avoid many simultaneous message transmissions. A similar solution can be found in Solution 2 for reduction of service interruption in Rel-17 [5]. 
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Figure 3
 Solution 2 for reduction of service interruption [5]
Observation 1 Conditional reconfiguration may be useful for the IAB-donor to distribute the RRC Reconfiguration messages in time domain. 
Although it still depends on how the mobile IAB-DU handles its cells and although it’s also up to RAN3’s decision, it could be assumed that the mobile IAB-DU may need to change its Cell IDs after the mobile IAB-node migration, e.g., to avoid the PCI collision at the target topology. In this case, the UEs also need to be handed over from the old cell (will disappear) to the new cell (will become available), whereby both cells are managed by the same mobile IAB-DU. For such a “cell shift” from the old cell to the new cell in sequence, the conditional reconfiguration would work better than the traditional HO Command. 
Observation 2 Conditional reconfiguration may work efficiently when the serving cell ID is changed due to the mobile IAB-node migration. 
Considering these examples above (but not limited to them), the enhancements to conditional reconfiguration may be worth discussing in RAN2, e.g., whether the existing trigger conditions can be reused for the mobile IAB. 

Proposal 3 RAN2 should discuss whether the conditional reconfiguration to UEs can be enhanced for the mobility enhancements of mobile IAB-node. 
2.4. RACH-less handover 

In the current specification, the UE shall initiate the random access procedure first when it receives the HO Command [7]. However, the target cell may be the same as the source cell, whereby only the Cell ID may be different, i.e., the same IAB-DU handles both cells. In this case, the timing advance is also the same for both cells; therefore, PRACH transmission is not useful. RAN2 should discuss whether RACH-less handover of UEs can be specified for the mobility enhancements of Mobile IAB. Note that RACH-less handover would only be applicable to Rel-18 UEs. 
Proposal 4 RAN2 should discuss whether RACH-less handover of Rel-18 UEs is useful due to the mobile IAB-node migration. 
2.5. Lossless handover 

In the study phase, the issue on packet loss due to the hop-by-hop ARQ was discussed. The issue was observed “e.g., when IAB topology changes are performed after backhaul-link failure or when inter-CU handover happens” [8]. In Rel-16/17, it was not pursued since it’s considered a rare case under the deployment assumption with fixed (stationary) IAB-nodes. 
In Rel-18 Mobile IAB, such a packet loss could still be considered as a rare case, if the mobile IAB-node is always the access IAB-node. It’s assumed in the justification part of WID that “The mobile IAB-node should have no descendent IAB-nodes, i.e., it serves only UEs” [1]. So, such an assumption should be confirmed by RAN2. 
Proposal 5 RAN2 should confirm that the mobile IAB-node is always the access IAB-node, so the packet loss caused by hop-by-hop ARQ is still a rare case in Rel-18 Mobile IAB. 

For the general packet loss, even for legacy handover, the PDCP sublayer in the UE can handle the data recovery as it is today. So, no enhancement is foreseen for lossless handover of UEs due to the mobile IAB-node migration. 
Proposal 6 RAN2 should agree the existing PDCP data recovery in UE can be used for lossless handover due to the mobile IAB-node migration, i.e., no enhancement is needed. 
2.6. Other aspects 
The WID states the mobile IAB-node only serves UEs [1]: 
	· The mobile IAB-node should have no descendent IAB-nodes, i.e., it serves only UEs.


In order to ensure the limitation, the existing IAB-Support IE can be reused [2], i.e., the mobile IAB-node should not set the IE in SIB1, which prevents other IAB-node’s access but allows UE’s access. The issue is whether such a limitation is captured in the specification. In our view, an explicit statement in Stage-2 specification is helpful to avoid any confusion in Mobile IAB implementations. 
Proposal 7 RAN2 should agree to capture in Stage-2 specification that the IAB-node shall not set the IAB-Support IE in SIB when it acts as the mobile IAB-node in this release. 
3. Conclusion 
In this contribution, the mobility enhancements for Mobile IAB are discussed, especially from the viewpoint of UE handover; and the solution directions for all potential issues are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should agree that only the individual RRC Reconfiguration is used for the UE handover due to the mobile IAB-node migration, i.e., as it is today.
Proposal 2
RAN2 should assume Solution 1 for reduction of service interruption during intra-donor IAB-node migration in Rel-17 can be reused for handover of legacy UEs.
Observation 1
Conditional reconfiguration may be useful for the IAB-donor to distribute the RRC Reconfiguration messages in time domain.
Observation 2
Conditional reconfiguration may work efficiently when the serving cell ID is changed due to the mobile IAB-node migration.
Proposal 3
RAN2 should discuss whether the conditional reconfiguration to UEs can be enhanced for the mobility enhancements of mobile IAB-node.
Proposal 4
RAN2 should discuss whether RACH-less handover of Rel-18 UEs is useful due to the mobile IAB-node migration.
Proposal 5
RAN2 should confirm that the mobile IAB-node is always the access IAB-node, so the packet loss caused by hop-by-hop ARQ is still a rare case in Rel-18 Mobile IAB.
Proposal 6
RAN2 should agree the existing PDCP data recovery in UE can be used for lossless handover due to the mobile IAB-node migration, i.e., no enhancement is needed.
Proposal 7
RAN2 should agree to capture in Stage-2 specification that the IAB-node shall not set the IAB-Support IE in SIB when it acts as the mobile IAB-node in this release.
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