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1. Introduction
[bookmark: _GoBack]In this contribution, we discuss potential mobility enhancements for connected mode and idle mode, focusing on mobility of on-board UEs for mobile IAB WI [1].  
2. Discussion 
2.1 Connected mode mobility enhancement 
Currently several connected mobility enhancements for on-board UEs are proposed. For example, CHO enhancement is proposed to trigger CHO for on-board UEs when the mobile cell performs handover. Group mobility is also proposed to trigger concurrent handovers to on-board UEs
CHO enhancements and group mobility procedures may vary depending on problems and benefits the enhancements try to achieve, but the following directions are considered common for both enhancement proposals:
· 1) To reduce signalling storm caused by sending many RRCReconfiguration messages including reconfigurationWithSync and target cell configuration to many UEs
· 2) To trigger mobility for on-board UEs concurrently i.e., to avoid any delayed HO triggering  
Observation 1: Signalling storm of HO signalling of concurrent HOs of on-board UEs caused by mobile cell’s mobility may be the root cause of the problems.
It is however not clear to us if the signalling storm is really problematic for typical mobile IAB scenarios like IAB-mounted vehicles where it is unlikely that more than 100 passengers are on-boarding. Even if the signalling storm is considered somewhat problematic, introducing a completely new mobility like group mobility for mobile IAB is not justified because:
· R17/18 multicast-based group mobility command signalling is not really suitable because UEs and network should be MBS capable just to enable group mobility. 
· The signalling storm can be avoided by preconfiguring target cell configuration, and such pre-configuration is already possible or considered possible in other mobility means such as legacy CHO and L1/L2 mobility being developed in Rel-18 feMob WI. 
· R18 L1/L2 mobility is a good solution candidate or baseline to avoid potential problems caused by mobile cell’s mobility. By controlling the pre-configuration timing across on-board UEs, severe signalling storm/concentration can be relaxed. Also, the L1/L2 mobility command to individual UE is light-weight enough so that signalling of many L1/L2 mobility commands to on-board UEs would not cause significant control signalling overhead. 
· Time-based CHO introduced in Rel-17 NTN is a good solution candidate or baseline to avoid potential problems caused by mobile cell’s mobility. CHO uses pre-configuration features that can eliminate the most of the root causes of the potential problems. Currently CHO execution conditions for terrestrial network only relies on radio quality of serving/target cells (event A3/A4/A5). For NTN, time condition can be also configured to trigger CHO, where CHO to a detected target cell is triggered between a specified time duration [T1, T2]. Time-based CHO may be applicable for handover of on-board UEs, given that the handover timing of the mobile cell is somehow predictable and hence provided to on-board UEs prior to the actual handover timing. 
Observation 2: Pre-configuration of target cell configuration can relax the most of the potential problems caused by mobile cell’s mobility (and resulting mobility of on-board UEs. 
Observation 3: R18 L1/L2 mobility is a good solution candidate or baseline to avoid potential problems caused by mobile cell’s mobility, because it is featured with 1) pre-configuration of target cell configuration and 2) light-weighted mobility command. 
Observation 4: Time-based CHO introduced for NTN R17 is a good solution candidate or baseline to avoid potential problems caused by mobile cell’s mobility, because it is featured with 1) pre-configured of target cell and 2) no explicit mobility triggering command is required. 
In general, we should try to reuse existing features as much as possible, and small optimization for a specific purpose is easier than developing a complete new solution for the same purpose. So, we propose: 
Proposal 1: Consider extending applicability of time-based CHO developed for NTN cell, also to TN including at least mobility to mobile cells. 
Proposal 2: Discuss if L1/L2 mobility being developed in R18 feMob WI is also applicable for on-board UEs’ mobility in a mobile cell and if L1/L2 mobility requires any optimization specific to mobile IAB.
Proposal 3: De-prioritize considering group mobility procedure for scenarios involving mobile IAB node. 

2.2 RACH-less HO
Consider that mobile cell’s MT performs HO and as a result on-board UEs performs HO. For handovers of on-board UEs within the same physical IAB-DU node (including the case DU configuration and/or its physical resources are changed), it seems that RACH-less HO is easier to achieve than other normal mobility scenarios. This is because, for on-board UEs, mobile cell’s DU is relatively stationary, which implies that for HO of on-board UEs, the TA value used in the source cell can be still applicable in the target cell without any change. Then RA can be skipped at least for for TA acquisition purpose. For beam alignment, it is expected that UE already acquires coarse beams of the target cell (such as SSB) before HO. After HO, if UE uses these beams for communication upon HO completion, RA for beam alignment can be skipped and sharp beam can be used only after the applicable sharp beams are measured and reported. This observation seems equally applicable to on-board UEs’ mobility events with intra-CU mobile cell mobility and those with inter-CU mobile cell mobility. The details for fast acquisition of sharp beams are FFS. 
So, from RAN2 point of view, RACH-less handover of on-board UE resulting from mobile cell’s mobility is feasible and doable in Rel-18. RAN1 needs to be involved for this work to validate if RACH-less handover of on-board UEs are also feasible and doable from RAN1 point of view. 
Proposal 4: From RAN2 point of view, RACH-less handover of on-board UE resulting from mobile’s mobility is feasible. 
Proposal 5: Send an LS to RAN2 to ask RAN1 view on feasibility of RACH-less handover of on-board UE. 

2.3 Cell reselection enhancements
RAN2 also need to discuss if reselection enhancements are needed. We consider the following scenarios to discuss the need for potential cell reselection enhancements
· S1. Non-on-board UE reselects a mobile cell that is temporarily in proximity. 
· S1-1: Stationary non-on-board UE reselects a mobile cell in proximity 
· S1-1: Mobile non-on-board UE reselects a mobile cell in proximity 
· S2. On-board UE inside a mobile IAB node reselects other cell than the mobile cell.  
· S2-1: While mobile IAB node is moving, on-board UE (stationary or moving) reselects other cell than the mobile cell 
· S2-2: Mobile IAB node is temporary stationary, and on-board UE will reselect other cell than the mobile cell. 

In S1, unnecessary reselection to mobile cells happens to non-on-board UEs. In S2, unnecessary reselection to other cells than a mobile cell happens to on-board UEs. 
Unnecessary reselections in S1 can be easily avoided by configuring the cell reselection frequency priority (denoted by CRP hereafter) of the mobile cell with lower CRP value. CRP configuration is up to network implementation and no new mechanism is needed. 
Observation 5. Configuring lower CRP for mobile cells can avoid unnecessary reselection to a mobile cell by non-on-board UEs.  
However, configuring lower CRP for mobile cells does not solve the problem in S2. Instead, it deteriorates the problem in S2, because on-board UEs will attempt to measure and reselect other cells of higher CRP. 
To avoid the problem in S2, on-board UEs should be able to stick to the current mobile cell as long as the current mobile cell provides reasonable signal quality and the UE is indeed on-board in the mobile cell. The typical means to enable such sticky UEs would be to allow UE to prioritize the mobile cell than other cells w.r.t. cell reselection. Specifically, the on-board UEs may be allowed to consider CRP of the mobile cell frequency to be the highest CRP. This behaviour is already used in LTE/NR MBS, LTE/NR sidelink, LTE CSG for the similar purpose. 
We note that such autonomous frequency prioritization should be only allowed for UE that are indeed on-board. Other UEs that are not on-board should not apply the autonomous frequency prioritization. RAN2 can further discuss whether/how UE determines its on-boarding status (e.g., based on broadcast status indication or on evaluation of radio quality variation) or whether on-boarding status determination can be left to UE implementation.  
Proposal 6: If UE determines that it is on-board in a mobile cell, the UE is allowed to consider cell reselection frequency priority of (the frequency of) the mobile cell to be the highest one. FFS how to determine that UE is indeed on-board in a mobile cell or whether it is left to UE implementation. 
3. Conclusion 
We discuss the potential mobility enhancements for mobility of on-board UEs and give the following observations and proposals.  
Connected mode mobility enhancement
Observation 1: Signalling storm of HO signalling of concurrent HOs of on-board UEs caused by mobile cell’s mobility is the root cause of the problems.
Observation 2: Pre-configuration of target cell configuration can relax the most of the potential problems caused by mobile cell’s mobility (and resulting mobility of on-board UEs). 
Observation 3: R18 L1/L2 mobility is a good solution candidate or baseline to avoid potential problems caused by mobile cell’s mobility, because it is featured with 1) pre-configuration of target cell configuration and 2) light-weighted mobility command. 
Observation 4: Time-based CHO introduced for NTN R17 is a good solution candidate or baseline to avoid potential problems caused by mobile cell’s mobility, because it is featured with 1) pre-configured of target cell and 2) no explicit mobility triggering command being required. 
Proposal 1: Consider extending applicability of time-based CHO developed for NTN cell, also to TN including at least mobility to mobile cells. 
Proposal 2: Discuss if L1/L2 mobility being developed in R18 feMob IW is also applicable for on-board UEs’ mobility in a mobile cell and if L1/L2 mobility requires any optimization specific to mobile IAB.
Proposal 3: De-prioritize considering group mobility procedure for mobility scenarios involving mobile IAB node. 
Proposal 4: From RAN2 point of view, RACH-less handover of on-board UE resulting from mobile’s mobility is feasible. 
Proposal 5: Send an LS to RAN2 to ask RAN1 view on feasibility of RACH-less handover of on-board UE. 

Idle mode mobility enhancement
Observation 5. Configuring lower CRP for mobile cells can avoid unnecessary reselection to a mobile cell by non-on-board UEs.  
Proposal 6: If UE determines that it is on-board in a mobile cell, the UE is allowed to consider cell reselection frequency priority of (the frequency of) the mobile cell to be the highest one. FFS how to determine that UE is indeed on-board in a mobile cell or whether it is left to UE implementation. 
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