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1	Introduction
The agreed WID (RP-221815) defines the scope of Rel.18 as follows:
In Rel-18, mobile IAB supports the following functionality, applicable to FR1 and FR2:
· In-band and out-of-band backhauling.
· The mobile IAB-node should have no descendent IAB-nodes, i.e., it serves only UEs.
· Solutions should support UE HO and DC.
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]
In this document we discuss the assumptions and potential issues for the mobility of the IAB. The focus is especially on the second objective but there is relation also with the other objectives.
2	Discussion
2.1 General considerations of mobile IAB
Rel.17 limiting the deployment to fixed IAB-nodes could assume migrations to be infrequent. With mobile IAB, it will be essential to enable smooth transfer of BH link with minimized impact on the UEs connected to the mobile IAB-node. UEs can be travelling in the same vehicle with the IAB-node, or they could be UEs served outside the vehicle but close enough to have connection via the mobile IAB-node.
Observation 1. In mobile scenarios need for IAB migration will be frequent impacting group of UEs with potentially excessive signalling overhead and service interruptions.
Some areas need further investigation when Rel.17 IAB is applied for the mobile scenarios:
· Full migration (Rel.18 objective), assumed to happen fairly frequently, will be a complex procedure and it will affect also all the connected UEs (to be handed over to the new cell). The Rel-18 question is whether there are needed and justified solutions that could avoid or minimize the negative impacts on UEs while the mobile IAB-node moves/migrates.
· Would Rel.17 IAB need enhancements to optimize for mobile IAB operation considering the single-hop limitation? 
· For example, there will not be such issues with routing what have been covered in the Rel.17 specifications.
· Assuming the IAB-node is allowed to move anywhere in the coverage area of the serving RAN, can we assume that all serving nodes support IAB, only sub-set of IAB capabilities or possible no IAB support?
· The question is to what degree the existing RAN must be upgraded to support mobile IAB.
· If IAB support by RAN is limited, what could be the areas to enable minimization of RAN upgrades still supporting the mobile IAB. 
These issues will be elaborated in more detail in the following sections.
2.2 Minimization of adverse impacts due to mobile IAB-nodes
[bookmark: _Hlk106195495]2.2.1 Options for RAN implementation
To minimize the issues related to full migration as discussed in 2.1, it would be beneficial to maintain F1 of the mobile IAB-node to the same CU while the IAB-node is moving. With that, F1 could be just re-routed via another serving node (DU) each time BH link changes due to the IAB-node mobility. This could correspond to Rel.17 partial migration where the same (source) CU keeps terminating the F1. While F1 is kept to the same CU and not migrated (no “full migration”), the mobile IAB-node’s served cells can remain the same and there would not be need to re-configure/HO UEs due to the BH change. The CU maintaining the F1 could be one of the donor-CUs, or it could be a specific CU dedicated to control the mobile IAB-node DU and UEs connected to that. 
Observation 2. It is beneficial to minimize BH link operations and the need for full migration as it inevitably affects the connected UEs.
Fig.1 shows an example of RAN structure where the F1 to mobile IAB-node can be maintained while the IAB-node is moving.
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Figure 1 RAN supporting unchanged F1 termination point for mobile IAB-node
When the IAB-MT is handed over to the target node, the F1 (indicated as blue arrow in the figure) would be re-routed via the target node. Applying Rel.17 specification, this would correspond to the partial migration where the specific CU would correspond to the source CU and the F1 TNL would be configured to be routed via the target topology. When the IAB-node moves further, there will be another target donor and the same procedure for IAB-MT HO and F1 re-routing is repeated. If/when the dedicated m-CU needs to be changed, e.g.: due to movement of longer distances, the procedure to be specified for full migration can be applied to IAB-DU migration to the new m-CU. The need of full migration would be less frequent when a dedicated m-CU can be maintained in a larger geographical area.
Observation 3. Principles of Rel.17 partial migration would allow unchanged F1 termination point during IAB mobility.
Such specific CU acting as a m-CU for mobile IAB is introduced in TR 23.700-05 (v0.3.0) as one architectural approach. It is proposed as a solution to mitigate the effect of too frequent IAB Donor changes for a mobile IAB, especially moving over a wide area. This further helps to mitigate challenges arising from too frequent changes of the PDCP and RRC connection of the UEs that the mobile IAB serves. The m-CU based solution also reveals an analogy of the partial migration supported in Rel-17 and helps to fulfil the Rel-18 assumption, to build mobile-IAB operation based on a single-hop topology.
Observation 4. SA2 investigate architectural solutions avoiding adverse impacts of IAB-mobility considering frequent BH changes.
The solutions outlined above enable, for example:
· Re-use of Rel.17 specification with likely minimized impact on existing specifications
· “Group mobility” for the UEs connected to the mobile IAB-node without affecting them due to BH/donor change while keeping m-CU unchanged.
· Achieve minimized impact on IAB-node functions, the IAB internal structure is unchanged (MT/DU)
· UE mobility between fixed and mobile cells can apply normal HO procedures. HO parameters may be mobile specific for the cells served by the mobile IAB-node.
Proposal 1: RAN2 investigated solutions for Rel-18 mobile IAB enhancements assume some BH link optimizations for group mobility procedures are addressed by SA2 and RAN3.
2.2.2 Capabilities of the serving RAN
Rel.16/17 IAB BH is based on BAP routing and BH RLC mapping. The WI assumes that there shall be no child nodes for a mobile IAB-node meaning that there will be only one mobile BH link for a mobile IAB-node. This will be the case when mobile IAB-node connects directly to a donor node, or when it connects to a fixed intermediate node. Restricting the deployment to one mobile BH link only makes it possible to optimize the mobile link separately. For example, routing over one link would not need a specific function as there will be only one possible route between the serving node and the mobile IAB-node. Hence, some optimization for the BH link could be considered if reduction of e.g., protocol overhead and configuration requirements is desired. 
Observation 5. Restriction to child-less mobile IAB-nodes would allow mobile BH link optimizations and/or reduced functions for mobile IAB compared to Rel.17 IAB.
Proposal 2. RAN2 to investigate possible optimizations for the BH link considering the assumption of one-hop mobile BH link. 
Another question the Rel.18 WI should consider is whether we can expect all serving donors to have full (Rel.16-18) IAB capabilities. In addition to the restriction to child-less operation discussed above, this is related anticipated mobile IAB use cases and network scenarios e.g. whether the mobile IAB-node should be able to connect to any RAN node in any location to setup a BH connection. Also, if the IAB-node is moving in a (very) large geographical area, do we assume that all RAN nodes support mobile-IAB in that area? 
Required upgrades to support mobile-IAB should be done to all serving nodes in the area where the IAB-node is expected to move and where a connection set up for a mobile BH could happen. This may be feasible for the use cases where vehicles (train, bus, or similar) having a mobile IAB-node installed are moving in a predictable route, requiring upgrades to nodes only along that route. 
It could be studied if a reduced set of IAB features in the existing RAN would be sufficient to support a single mobile BH link and/or to reduce the need and scale of upgrades in the (already deployed) serving RAN. 
Proposal 3. Inputs on use cases and operational scenarios would be needed to assess whether upgrades to whole serving RAN would be mandatory to support mobile IAB. 
Further, to consider options to minimize efforts needed to enable existing RAN to support mobile IAB in anticipated use cases, the WI could elaborate to what degree the serving RAN shall have IAB capabilities to be able to support mobile IAB.
Proposal 4. RAN2 to elaborate to what degree the serving RAN shall have IAB capabilities still being able to support mobile IAB.
2.2.3 Restriction to child-less mobile IAB-nodes
The definition for the restriction of the supported topology was defined as follows (RP-221815): 
· The mobile IAB-node should have no descendent IAB-nodes, i.e., it serves only UEs. 
According to current IAB specifications, an IAB capable node (donor or IAB-node) advertises the IAB support by indicating that in the system information. If we assume that the IAB support is also indicated by the mobile IAB-node, the indication cannot be used by the mobile IAB-node to distinguish between fixed and mobile nodes. If, on the other hand, the mobile-IAB-node is not advertising IAB-support, another mobile IAB-node could not distinguish fixed nodes without IAB support from other mobile IAB-nodes. Therefore, Rel.17 specification is not sufficient to prevent mobile IAB-nodes to indicate another mobile IAB-node as the candidate target node. Of course, in case the IAB-donor knows an IAB-node is a mobile IAB-node (e.g., based on an RRC indication received from the mobile IAB-MT, or based on mobile IAB authorized information from the CN, etc), the IAB-donor may reject the mobile IAB-MT’s RRC access if the mobile IAB-MT is connecting with another mobile IAB cell. This may need to be first discussed in RAN2, e.g., whether mobile IAB advertise the IAB-support indication, whether the mobile IAB-MT indicate it is mobile IAB to IAB-donor, etc. 

Proposal 5. RAN2 to study possible means to prevent mobile IAB-node to connect to another mobile IAB-node.

2.2.4 Minimization of impact to UEs connected to a mobile IAB-node
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 lead to an unwanted signaling storm and failure risk while terminating access to a mobile IAB/changing the cell and (re)attempting to access a service. This implies that on top of the service interruption time caused by IAB-node migration and potential BH RLF recovery, a dedicated solutions may be required on a mobile IAB access link to enable smooth switch of the mobile IAB connected UEs to a macro base station. 
Proposal 6. RAN2 to investigate means to prevent signalling storm (and minimize RLF probability) caused by group of UEs disconnecting from mobile IAB. 
3	Conclusion
Observation 1. In mobile scenarios need for IAB migration will be frequent impacting group of UEs with potentially excessive signalling overhead and service interruptions.
Observation 2. It is beneficial to minimize BH link operations and the need for full migration as it inevitably affects the connected UEs.
Observation 3. Principles of Rel.17 partial migration would allow unchanged F1 termination point during IAB mobility.
Observation 4. SA2 investigate architectural solutions avoiding adverse impacts of IAB-mobility considering frequent BH changes.
Observation 5. Restriction to child-less mobile IAB-nodes would allow mobile BH link optimizations and/or reduced functions for mobile IAB compared to Rel.17 IAB.
Proposal 1: RAN2 investigated solutions for Rel-18 mobile IAB enhancements assume some BH link optimizations for group mobility procedures are addressed by SA2 and RAN3.
Proposal 2. RAN2 to investigate possible optimizations for the BH link considering the assumption of one-hop mobile BH link. 
Proposal 3. Inputs on use cases and operational scenarios would be needed to assess whether upgrades to whole serving RAN would be mandatory to support mobile IAB. 
Proposal 4. RAN2 to elaborate to what degree the serving RAN shall have IAB capabilities still being able to support mobile IAB.
Proposal 5. RAN2 to study possible means to prevent mobile IAB-node to connect to another mobile IAB-node.
Proposal 6. RAN2 to investigate means to prevent signalling storm (and minimize RLF probability) caused by group of UEs disconnecting from mobile IAB. 
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