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1	Introduction
The agreed Rel-18 WI on Mobile IAB for NR in RP-221815 defines the detailed objectives and principles 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]
(…)
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

In this document we discuss the assumptions for IAB deployment and issues related to mobility support based on the initially endorsed points in RAN2#119-e.
2	Mobile IAB status
Rel-17 IAB-nodes capabilities have been identified to support IAB-node functionality limited to fixed node deployment. With Rel-18 objective to support mobile IAB, the IAB-node operations may adopt different handling, which potentially can imply differences in IAB-nodes capability or behaviour. In that context, RAN2#119-e endorsed the following point for discussion:
P2: Can discuss whether The mobile IAB-MT need to send a mobile-IAB indication (capability or mobility) to the IAB-donor-CU

while RAN3#117 made the agreement that: The donor CU should know that the IAB node is “mobile”.
The requirement that the donor should become aware that a IAB node is a mobile -IAB needs to be accounted for a purpose and possibilities. During the connection setup procedure, RAN can get the capability information from the CN (AMF) in the UE context setup request message. If not provided by the CN, capability information can be requested from IAB-MT by the donor CU. For mobile IAB support, this could be extended to have dedicated indication about the mobile IAB-node.
Observation 1. IAB-donor-CU can get the indication about the connecting node being a mobile IAB-node during the connection setup procedure.
The need to indicate the actual mobility or mobility state of the IAB-node requires study for what purpose it would be used and what would be the benefit. This would be up to RAN3 to discuss. The way how the mobility or mobility state would need to be indicated is also open. 
Observation 2. The IAB-donor CU “awareness” of mobile-IAB status does not imply a need for explicit RRC signalling. 
It could be similar to UE mobility state based on handovers. This information, however, would be available without dedicated reporting in the serving network if/when the IAB-node connection to donors is tracked. IAB-MT could also estimate the velocity based on radio measurements, but it may not be very reliable and would possibly need specification for performance requirements. 
Therefore, if any mobility indication will be specified, there should be clear understanding about the usage and benefits as well as how reliable or useful the provided metrics is for this purpose. This is something for RAN3 to discuss first.
Proposal 1. RAN2 to wait RAN3 conclusion on how the IAB-donor knows the mobility (state) indication.
3	Impacts to UE procedures
3.1	Cell (re-)selection to/from mobile IAB 
Discussions on mobile-IAB, identified cell (re)selection as a procedure that require further insight on potential enhancements need. On that RAN2#119-e has endorsed the following point: 
P1: RAN2 to discuss scenarios, if and where enhancements to cell (re-)selection to/from the mobile IAB-node apply, e.g. based on mobile IAB-node broadcast parameter (this point doesn’t preclude other potential usage of Bcast info).
To benefit from cell (re)selection enhancements, it would be necessary to identify whether a connected UE is an on-board or outside UE. The detection, however, may be difficult. For example, when the train with mobile IAB stops at a station, a UE on the platform may connect to the mobile IAB. When the train departs, the UE should be handover to other, non-moving cell.
There could be two basic options to cope with the issue:
1. UE knowing itself that it is either onboard or outside UE
2. Mobile IAB-node detecting which UEs are onboard and which are outside.
In the 1st case, UE may not be able to determine reliable whether it should prefer connection/camping to a mobile cell or stationary cell, this assuming that the mobile IAB-node broadcast “mobility” indication and the UE is Rel.18 capable. The difficulty is that the mobile IAB-nodes can be occasionally stationary e.g. train stopping at a railway station. Mobility detection in such case would not indicate to which kind of cell would be best to connect/camp.
There could be application-level information from the user (manually setting the preference to mobile e.g. when entering a train/bus, …) or based on the subscription whether connection to mobile cells is allowed or preferred. It requires, however, discussion how such higher layer information is provided to the AS layers and how/if that would be addressed in RAN specifications.
Observation 3. Cell (re-)selection enhancements for mobile-IAB cannot bring benefits without higher layer information.
With the 2nd option, the detection by the mobile IAB-node whether a UE is onboard or outside, has the same problems as detection by the UE. There are no reliable means to determine if a connected UE is outside or inside the vehicle. Furthermore, the IAB-node do not have knowledge about idle mode UEs whether they should camp in the mobile or stationary cells.
Observation 4. There are no practical means to reliably detect UE locations to determine whether they are inside or outside the vehicle, i.e. no improvement can be based on such detection.
In general, there are challenges to improve the cell (re-)selection behaviour at least on AS level in mobile IAB-scenarios. Furthermore, any enhancement assuming re-defined UE behaviour would have no impact for legacy UEs.
Observation 5. Enhancements for cell (re-)selection requiring re-defined UE behaviour would have limited benefit.
Considering the challenges and the objectives of the WI, we think that the optimization of cell (re-)selection in mobile IAB scenarios is not critical and can have lower priority.
Proposal 2. Optimizations for cell (re-)selection behaviour can be de-prioritized in Rel.18
3.2	Cell change
For full migration, the usage of dual-DU IAB for full migration was already discussed in Rel.17. Two alternatives for the resource allocation were considered:
•	Alt1: the two logical DUs use separate physical cell resources. 
•	Alt2: the two logical DUs use the same physical cell resources.
Alt1 for resource usage:
Using separate carriers in Alt1 to separate physical cell resources would be a straightforward solution. However, this may lead to inefficient usage of radio resources as another carrier should be reserved, or to be available for migration purpose only. The penalty would be largest in FR2 where the carrier BWs are wide.
Observation 6. Usage of two carriers to separate cell resources for the two DUs can lead to inefficient usage of radio resources.
Separating the DU resources within the same carrier seems better option. There may be multiple options how the separation is done. One way would be to use non-overlapping BWPs for the two DUs where the resources will have effectively a hard split between the DU cells. The target DU cells can have own SSB configuration with another PCI. The concerned carrier would hence serve two logical cells by the DUs within the same carrier. Concurrent operation of DUs would enable smooth HO of UEs from source DU cell to the target DU cell.
Observation 7. Cell resources of the two DUs could be separated using BWB within one carrier.
Alt2 for resource usage:
The usage of a single carrier is inherent for Alt2. In an optimum case all radio resources should be freely available for scheduling by both DUs. This seems to be related also to the question whether the DU cells serve the same or different physical cells, i.e. whether the PCI is the same or different in the cells of the two DUs.
Usage of different PCIs:
Having different PCIs and sharing the radio resource by the two DUs would become close to the case of using separate resources within a single carrier. Two sets of system information would be broadcast by the two DUs. The DUs should preferably operate in parallel during the migration to allow smooth UE handovers with normal HO procedure. It is however open how the sharing would happen in practice. If BWPs were used, it would become similar to split resources (discussed above). Alternatively, the sharing could happen in the scheduler (MAC) level which would require interaction between MAC instances. Further studies is required for options how radio resources would be scheduled with shared resources.
Observation 8. Further studies are required on how the resources would be scheduled when sharing common radio resources by the two DUs.
Usage of the same PCI:
If the PCIs are the same, the source and target cell (DU) SSB configurations can be identical i.e. a common configuration for both. Consequently, the DU change would result in change of system information including the NCGI change while the PHY layer remain unchanged. The radio link monitoring (RLM) based on SSB measurements would not be affected and no RLF would occur. The change from source cell to target cell could be a switch from source DU to target DU, or the DUs could broadcast in parallel the system information to have the two cells active at the same time. In both cases UEs can be kept connected (unaffected RLM, no RLFs) allowing RRC reconfiguration (incl. HO command) to be sent by the source CU when the target DU is already active. This is because the F1 still remains to the source CU. The RRC re-configuration is sent using the RNTI and security configuration of the source cell.
Observation 9. Using the same PCI for the cells of two DUs would imply common SSB configurations and no changes in PHY layer. DU change would result in SI change including change of NCGI.
Observation 10. DU change could be a one-time switch or the cells of the DUs can be active during the migration without RLFs caused to UEs.
The scheduling on MAC layers of the two DUs can be tightly coordinated or even common allowing all radio resources to be available for traffic of both DUs. This would enable efficient utilization of radio resources through the execution of DU migration.
Observation 11. Joint or tightly coordinated scheduling of the DUs would enable efficient utilization of radio resourced during the migration procedure.
If the DU change is a one-time switch, the system information are not sent in parallel. This option would require coordination between DUs so that the RRC reconfiguration (with source cell RNTI and security) from the source CU can be sent when the target DU is already active. However, this is IAB-node internal operation and could be handled by implementation. Furthermore, UEs not having received yet the RRC reconfiguration when the DU is already changed, may have ambiguous behaviour if they read system information noticing that the cell has changed. This may, however, be non-critical as this may be experienced by some UEs only. If the call is dropped for some UEs, the connection can be recovered with re-establishment likely via the same IAB-node. The re-establishment could be successful by context UE fetching from the source CU to the target CU.
Observation 12. If the DU change is a one-time switch, the RRC reconfiguration (incl. HO command) from the source CU should be sent when the target DU is already active. Source cell RNTI and security shall be used.
Observation 13. The UE behaviour may be ambiguous in case the UE reads (changed) system information before receiving RRC re-configuration from the source CU.
As there are some open issues, further study would be needed to verify the feasibility to use the same PCI and SSB configurations in the cells of the two logical DUs.
Proposal 3. RAN2 to discuss the feasibility to use the same PCI and SSB configuration in the cells of the two logical DUs.
3.3	Group mobility 
A mobile IAB-node located on a moving object (e.g. a subway, bus or train) will provide wireless access to a UE inside or outside the moving object. This implies that a radio cell(s), provided by the mobile IAB-node, is/are “moving” among fixed radio cells provided by macro base station.  UEs connected to a mobile IAB (e.g., bus or train), as all UEs normally configured with the same cell, will more or less have to start simultaneously the re-connection or re-establishment when the serving mobile IAB approaches its terminating point. Taking into account that many UEs are served by a mobile-IAB, e.g. within a train, subway or bus, this will require to mitigate an unwanted signaling storm and failure risk while terminating access to a mobile IAB/changing the cell and (re)attempting to access a service.
In that context, RAN2#119-e agreed:
· R2 assumes that CHO or delayed RRC config could be the baseline for group mobility (FFS if could be applicable for mobility of IAB MT), i.e. with a preparation in advance (not immediately) of the execution. 

The group handover is required for full migration, (performed after partial migration). Thus, if using current regular Handover, the source donor can initiate the Xn HO procedure to migrate the connected UE. It is up to RAN3 and the source donor’s implementation, e.g. initiate the Xn HO procedure for the connected UEs one by one, or initiate parallel Xn HO procedures for multiple connected UEs or all connected UEs. There is no urgency to HO all UEs at once.
Observation 14: Group UEs mobility can apply normal HO procedures. HO parameters may be mobile specific for the cells served by the mobile IAB-node.
Proposal 4: For group mobility, current (C)HO procedures are reused with detailed parameters settings (e.g., possibly diverse timing) left to implementation.
3.4	RACH-less HO
RAN2#119-e has made the following agreement:
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). 

Known from Rel-14 RACH-less HO solution aimed to achieve reductions in the data connectivity interruption time and reduced overall handover execution time at each handover, through skipping the random access in the target cell. The procedure required the UE to accesses the target cell via the uplink grant preallocated to the UE in the preconfigured RRC message. For mobile-IAB operation, RACH-less procedure would need to be applied also for a group mobility, which would require a group preallocation of the resources and dedicated signalling to all on-board UEs. While the distinction of the UEs from the UEs outside of the mobile-IAB is currently not feasible (as we discuss in 3.1). For these reasons, and to achieve minimized impact on IAB-node functions, we suggest not to introduce mobile-IAB specific RACH-less. 
Proposal 5: mobile-IAB specific RACH-less HO is not pursued.   
3.5	Preventing inter-donor IAB-node handover to a mobile-IAB cell
RAN2#119 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 receive the system information of neighbour cells to refrain from reporting cells broadcasting the “iab-Support” indication. We would like RAN2 to confirm that this is not required.
Proposal 6: An IAB node is not required to receive the system information of neighbour cells to refrain from reporting measurements of cells not broadcasting the “iab-Support” indication.
4	Conclusion
This document has made the following proposals:
Proposal 1. RAN2 to wait RAN3 conclusion on how the IAB-donor knows the mobility (state) indication.
Proposal 2: Optimizations for cell (re-)selection behaviour can be de-prioritized in Rel.18
Proposal 3: RAN2 to discuss the feasibility to use the same PCI and SSB configuration in the cells of two logical DUs.
Proposal 4: For group mobility, current (C)HO procedures are reused with detailed parameters settings (e.g., possibly diverse timing) left to implementation.
Proposal 5: mobile-IAB specific RACH-less HO is not pursued.   
Proposal 6: An IAB node is not required to receive the system information of neighbour cells to refrain from reporting measurements of cells not broadcasting the “iab-Support” indication.






