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Introduction
In this paper we discuss the following objective from the Rel-18 IAB WID:
· 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]

The consequences of mandating joint mIAB-MT and mIAB-DU handover
The main task for the Rel-18 IAB WI is to specify the procedure for enabling IAB-node mobility. The Rel-17 specifications support partial migration of IAB-nodes, where the IAB-MT of an IAB-node is handed over between two donor CUs, while the F1 traffic traversing/terminated at the co-located IAB-DU is redirected to traverse the donor DU serving the IAB-MT after the IAB-MT handover (HO). The termination points of the F1 traffic traversing/terminated at the co-located IAB-DU remain unchanged.
During Rel-17 IAB, full inter-donor migration of an IAB-node was discussed, but not specified. During RAN Plenary discussions, several companies expressed the intention to propose full migration as the baseline for mIAB mobility support. 
One prominent use case for mIAB is an urban scenario where mIAB-nodes are mounted onboard public transport vehicles. Cells in urban scenarios are typically small, where mobility implies frequent HOs (of the mIAB-MT). Always applying the full migration in the form that was discussed in Rel-17 means that both the mIAB-MT and mIAB-DU HOs would have to be executed both together and therefore frequently. This would imply complex reconfigurations, with a significant impact on the connected UEs, due to the change of the serving donor CU and, likely, the CGI. 
Observation 1: Mandating that the mIAB-DU and the served UEs are handed over every time the mIAB-MT is handed over between donor CUs, would imply frequent and complex reconfigurations with a significant impact on the connected UEs due to the change of the serving donor CU. 
Besides the inherent complexity and processing load, an additional risk of joint HO of mIAB-MT and mIAB-DU is that the mIAB may stay under one donor for just a little while causing a subsequent HO of the mIAB-MT before the completion of the mIAB-DU HO. This is a likely scenario in a small cell environment, typical for urban scenarios. If this happens, two alternatives are possible. Either the mIAB-MT HO is delayed until completion of the mIAB-DU HO, with the risk of increased mIAB-MT HO failure due to slow HO execution, or this (subsequent) mIAB-MT HO is executed before the mIAB-DU HO is completed, increasing the risk of errors due to unsynchronized state of mIAB-DU’s F1 connection, neither of which is good. 
Observation 2: Mandating that the mIAB-DU and the served UEs are handed over every time the mIAB-MT is handed over between donor CUs may lead to slowing down of mIAB-MT handover (and a possible failure), or to an unsynchronized state of mIAB-DU’s F1 connection.
Finally, joint mIAB-MT and mIAB-DU HO may fail in case the mIAB-MT is successfully handed over, but it turns out that the target donor CU cannot accept the mIAB-DU (e.g., for reasons of traffic load or service latency). 
Observation 3: A joint mIAB-MT and mIAB-DU HO may fail in case the mIAB-MT is successfully handed over, but it turns out that the target donor CU cannot accept the mIAB-DU (e.g., for reasons of traffic load or service latency). 

The benefits of decoupling the mIAB-DU from the mIAB-MT handover
Due to the above, we think that the specifications should support the decoupling the HOs of an mIAB-DU from the HOs of the co-located mIAB-MT. The decoupling means that it should be possible to execute mIAB-MT and mIAB-DU HOs independently of each other, meaning that, at any time, the mIAB-MT could be served by a donor CU different than the donor CU serving the mIAB-DU. 
Independent execution of mIAB-MT and mIAB-DU HOs entails the following:
· The number of mIAB-DU HOs during the mIAB-node journey would be greatly reduced.
· In the situations where the mIAB-MT must be handed over multiple times during a short time span, the risk of slowing down the mIAB-MT HO and the risk of unsynchronized state of mIAB-DU’s F1 connection (as described above) are eliminated. 
· If decoupled from mIAB-MT HO, the mIAB-DU HOs could be executed only when suitable and needed. For instance, a good time to hand over the mIAB-DU is when the mIAB-MT is in a macro cell, while a bad time for mIAB-DU HO is when the mIAB-MT is in a picocell.
· Any potential failures of the mIAB-MT and mIAB-DU HO become independent.
· For example, the mIAB-DU HO failure only affects the mIAB-DU HO – there is no need to roll back the mIAB-MT to the source cell just because the mIAB-DU HO failed (if possible, at all, since the mIAB-MT is moving).
· The UEs can be handed over gradually between the two virtual mIAB-DUs.
· There is no “time pressure” due to the risk of mIAB-MT HO failing due to slow execution.
Observation 4: Independent execution of mIAB-DU and mIAB-MT handovers entails at least the following:
· The number of mIAB-DU handovers can be reduced.
· The risk of slowing down the mIAB-MT HO (due to waiting for the mIAB-DU HO to complete), and the risk of unsynchronized state of mIAB-DU’s F1 connection, are eliminated.
· Any potential failures of the mIAB-MT HO and the mIAB-DU HO become mutually independent.
· The UEs can be handed over gradually between the two virtual mIAB-DUs.
The decoupling makes it possible to prioritize the mIAB-MT HOs, and leave it do deployment and implementation how frequent the mIAB-DU HO should be executed. Another consequence of decoupling to consider is that there would be no need for dedicated enhancements of the mIAB-DU HO, since it can be executed at any time – it would be possible to start up a new logical cell and F1 connection in the mIAB-node to hand over the UEs, and then, when all UEs are handed over, to tear down the old logical cell/F1 connection.
Observation 5: Independent execution of mIAB-MT and mIAB-DU handovers implies that the mIAB-MT can be handed to a donor CU, without handing over the co-located mIAB-DU to this specific donor CU, and vice versa.
Based on the above, we propose:
Proposal 1: An mIAB-MT handover and the handover of the co-located mIAB-DU can be executed independently.
Proposal 2: A handover of an mIAB-DU can be executed when there is no ongoing mIAB-MT handover.
Proposal 3: The mIAB-MT and the mIAB-DU part of an mIAB-node can connect to, and can be handed over to, different donor CUs.
It should be noted that the above does not preclude parallel execution of mIAB-MT and mIAB-DU HO.

A possible approach to mIAB-node migration
We note that the Rel-17 partial migration already allows for handing over an IAB-MT without handing over the co-located IAB-DU. The Rel-18 aspect proposed here would be to allow the opposite as well. One possible approach is that the mIAB is served by a dedicated (“anchor”) donor CU covering a large area (e.g., an entire city), where the mIAB would maintain the F1 connection to the “anchor” CU during the time the mIAB is located within this area. Meanwhile, as the mIAB moves within the area of the “anchor” CU, the mIAB-MT can be handed over between donor CUs, as needed, and as dictated by the radio conditions. 
As long as the mIAB-DU maintains the F1 with the “anchor” CU, the NR-CGIs of the cells served by the mIAB-DU would remain the same. Certain parameters of the mIAB-DU’s cells may need to be reconfigured as the mIAB moves within the area, but the specifications already support the update of these parameters, so no impact to UE behaviour or performance is foreseen in this case and having to create a new logical cell and hand over all the UEs at every radio HO of IAB-MT would be avoided. 
The following baseline can be considered by RAN3: 
1. The mIAB-MT connects to a donor CU, e.g., to a donor CU controlling the parent IAB-node/donor DU that hosts the cell with the strongest signal. Meanwhile, the mIAB-DU establishes/maintains the F1 connection to an “anchor” CU, e.g., dedicated to serving mIAB-DUs, covering a large area.
2. The donor CU serving the mIAB-MT coordinates with the “anchor” CU, to enable F1 transport migration of the traffic to/from the mIAB-DU (similar to partial migration).
3. When the mIAB-MT is handed over to another donor CU, the new donor CU is provided the configuration necessary for relaying the F1 traffic of the mIAB-node to/from the “anchor” CU. The same principle can be applied for subsequent HOs of the mIAB-MT.
4. In certain scenarios, such as long-distance train scenario, it may be needed to hand over the mIAB-DU at some point, e.g., when the train leaves the area of the currently serving “anchor” CU. Once the mIAB-node approaches the border of the area under the “anchor CU”, the mIAB-DU is handed over to another “anchor CU”, independently of the mIAB-MT HO.
To draw a parallel with the Rel-17 partial migration:
· The mIAB can be considered as a boundary node – without any descendants.
· The “anchor” CU can be considered as the F1-terminating donor CU.
· The CU serving the mIAB-MT can be considered as the non-F1-terminating donor CU.
Observation 6: The Rel-17 XnAP IAB Transport Migration Procedures can be used as the baseline for maintaining the F1 connection between the mIAB-DU and the “anchor” CU as the mIAB-MT moves between different donors.
The above is illustrated in Figure 1.
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Figure 1: A possible solution for mIAB-node migration

Proposal 4: The Rel-17 partial migration mechanism is used as the baseline for maintaining the F1 connection between the mIAB-DU and the “anchor” CU during subsequent inter-donor handovers of the co-located mIAB-MT.

Conclusion
[bookmark: _In-sequence_SDU_delivery]This paper discusses the support for IAB-node mobility. The following is observed and proposed:
Observation 1: Mandating that the mIAB-DU and the served UEs are handed over every time the mIAB-MT is handed over between donor CUs, would imply frequent and complex reconfigurations with a significant impact on the connected UEs due to the change of the serving donor CU. 
Observation 2: Mandating that the mIAB-DU and the served UEs are handed over every time the mIAB-MT is handed over between donor CUs may lead to slowing down of mIAB-MT handover (and a possible failure), or to an unsynchronized state of mIAB-DU’s F1 connection.
Observation 3: A joint mIAB-MT and mIAB-DU HO may fail in case the mIAB-MT is successfully handed over, but it turns out that the target donor CU cannot accept the mIAB-DU (e.g., for reasons of traffic load or service latency). 
Observation 4: Independent execution of mIAB-DU and mIAB-MT handovers entails at least the following:
· The number of mIAB-DU handovers can be reduced.
· The risk of slowing down the mIAB-MT HO (due to waiting for the mIAB-DU HO to complete), and the risk of unsynchronized state of mIAB-DU’s F1 connection, are eliminated.
· Any potential failures of the mIAB-MT HO and the mIAB-DU HO become mutually independent.
· The UEs can be handed over gradually between the two virtual mIAB-DUs.
Observation 5: Independent execution of mIAB-MT and mIAB-DU handovers implies that the mIAB-MT can be handed to a donor CU, without handing over the co-located mIAB-DU to this specific donor CU, and vice versa.
Proposal 1: An mIAB-MT handover and the handover of the co-located mIAB-DU can be executed independently.
Proposal 2: A handover of an mIAB-DU can be executed when there is no ongoing mIAB-MT handover.
Proposal 3: The mIAB-MT and the mIAB-DU part of an mIAB-node can connect to, and can be handed over to, different donor CUs.
Observation 6: The Rel-17 XnAP IAB Transport Migration Procedures can be used as the baseline for maintaining the F1 connection between the mIAB-DU and the “anchor” CU as the mIAB-MT moves between different donors.
Proposal 4: The Rel-17 partial migration mechanism is used as the baseline for maintaining the F1 connection between the mIAB-DU and the “anchor” CU during subsequent inter-donor handovers of the co-located mIAB-MT.
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