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The Rel-17 IAB WID objectives [1] include:
	·   Specification of procedures for inter-donor IAB-node migration to enhance robustness and load-balancing, including enhancements to reduce signalling load.



Inter-donor IAB-node migration has not been supported in Rel-16. This paper discusses aspects to be considered for inter-donor topology adaptation.
Discussion
Goal of inter-donor topology adaptation
Rel-16 IAB already supports topology adaptation, where the IAB-node’s IAB-donor-DU and/or the IAB-donor-CU-UP may change. Rel-17 needs to handle the migration of the IAB-node between IAB-donor-CU-CPs.
Observation 1: Inter-donor topology adaptation mainly focuses on the migration of IAB-nodes between IAB-donor-CU-CPs.
Migration of IAB-MT and IAB-DU
Figure 1 shows an example IAB topology with several IAB-nodes connected to two IAB-donors. One IAB-node in this topology, referred to as migrating IAB-node, changes its attachment point from a source parent node connected to a source IAB-donor to a target parent node connected to a target IAB-donor. The migrating IAB-node has one UE attached, and it is desirable to minimize service disruption for the UE during topology adaptation.
The first aspect to be considered is that IAB-MT and IAB-DU require different procedures for inter-CU migration.
The IAB-MT can use the handover procedure in case it is single-connected or the MN- or SN-change procedure in case it is dual-connected. The target IAB-donor-CU needs to include a new BAP configuration (BAP address, default UL mapping) into the RRC Reconfiguration. 
Proposal 1: The IAB-MT migrates from the source to the target IAB-donor-CU leveraging existing handover or SN/MN-change procedures.
For the IAB-DU, there is presently no inter-IAB-donor migration procedure. It is possible, however, that the migrating IAB-node uses a new logical IAB-DU, we refer to as target logical IAB-DU, to configure an F1-C association with the target logical IAB-donor-CU. Since this target IAB-DU is different from the old logical IAB-DU, which we refer to as source logical IAB-DU, the new F1-C association can be established before releasing the existing F1-C association to the source IAB-donor-CU. Having the new F1-C association established before releasing the old F1-C association can substantially reduce interruption time. 
The cells on source and target logical IAB-DUs can use the same PCIs. However, they have to use different NCIs since they are connected to different CUs. The source IAB-DU and the target logical IAB-DU, further, each broadcast their respective NCIs on the air interface.
Proposal 2: The migrating IAB-node uses a new logical IAB-DU to establish an F1-C association with the target IAB-donor CU, and the new logical IAB-DU broadcasts the NCI of the target IAB-donor-CU.


Figure 1: Example of logical steps A, B, and C for inter-donor-CU-CP topology adaptation
Impact on UE connected to migrating IAB-node
The second aspect to be considered relates to the UE that is connected to the migrating IAB-node:
·  The RRC connection of the UE needs to be migrated from the source to the target IAB-donor CU.
·  Since the UE changes CUs, it has to conduct a security update as mandated by TS 33.501, Section 6.9.2.3.2 [2]. Such a security update requires RRC Reconfiguration with resync, i.e., it is equivalent to a handover or SN change.
Proposal 3: The UE has to migrate its RRC connection from the source to the target IAB-donor-CU and perform a security update.
Deadlock in sequence of IAB-MT, IAB-DU and UE migration
Performing the migration of IAB-MT, IAB-DU and UE with the above procedures is not possible without creating a deadlock scenario:
·  To transfer the context of the UE using existing procedures, the source IAB-donor-CU has to include the target cell ID of the IAB-node’s target logical DU to the target IAB-donor-CU. This implies that the target logical DU is already known the target IAB-donor-CU, i.e., the target logical DU has already established its F1-C association with the target IAB-donor-CU before the UE’s context transfer.
·  To establish the new F1-C association with the target IAB-donor-CU, the target path must be available, which implies that the IAB-MT has already executed the handover and the source path is not available anymore. This implies that the UE RRC Reconfiguration message cannot be delivered anymore!  
The deadlock is driven by the following factors:
·  The UE’s inter-CU context transfer cannot include the target cell ID, unless the target logical IAB-DU has already associated with the target IAB-donor-CU and established this cell ID.
·  The target logical IAB-DU cannot associate with the target IAB-donor-CU via the target path if the UE inter-CU handover command still needs to be delivered via the source path.


Figure 2: Options for inter-donor migration: 2a: UE context transfer indicates target cell to pertain to prospective IAB-DU (option 1), 2b: Source path is used for F1-C establishment by target IAB-DU (option 2), 2c: UE uses reestablishment procedure after F1-C

Observation 2: Any sequence of standard procedures to migrate IAB-MT, IAB-DU and UE from source to target IAB-donor-CU leads to a deadlock.

Proposal 4: RAN3 to discuss the deadlock in the sequence of IAB-MT, IAB-DU and UE migration from source to target IAB-donor-CU.

The following options may be considered to overcome this deadlock:
Option 1: The UE context transfer indicates that the target cell belongs to a prospective parent IAB-DU that will be collocated with an IAB-MT, which is already known to the target IAB-donor-CU (Figure 2a).
·  The UE context transfer needs to include an indicator to this IAB-MT.
·  Alternatively, the context of the IAB-MT could be transferred together with that of the UE.
Option 2: The target logical IAB-DU establishes F1-C with the target IAB-donor-CU via the source path before the UE context transfer occurs. There are two sub-options:
·  2a: The target logical IAB-DU may use the IP layer and the source IAB-DU’s IP address to establish F1-C with the target IAB-donor-CU. After IAB-node migration, the F1-C association is migrated to the target path using the same procedure as for intra-donor F1-C migration (Figure 2b).
·  2b: The source IAB-donor-CU initiates the F1-C establishment between target logical IAB-DU and target IAB-donor-CU by acting as a target logical IAB-DU proxy to the target IAB-donor-CU and as a target-IAB-donor-CU proxy to the target logical IAB-DU.
Option 3: The UE uses the RRC Reestablishment procedure where context transfer occurs after the target path has been established (Figure 2c).
·  This option has been discussed in TR 38.874 [3]. It creates large interruption times and packet loss. which increase with hop count.
Due to its performance shortcomings, Option 3 is not further considered.

Proposal 5: RAN3 to consider the following options for inter-donor migration:
· Option 1: UE context transfer indicates that the target cell pertains to a prospective parent IAB-DU, whose collocated IAB-MT is already known to the target IAB-donor-CU,
· Option 2: The source path is used for F1-C establishment by the new logical IAB-DU.
Inter-donor-CU Topology Adaptation with Descendant Nodes
Figure 3 shows a more general inter-donor topology adaptation scenario in which the migrating IAB-node has descendant IAB-nodes. The goal is to perform the migration of the IAB-subtree and keep the subtree intact, i.e. no IAB-node or UE in the subtree observes RLF. 
Using the same reasoning as in Figure 1, the top migrating IAB-node establishes two logical IAB-DUs: source logical IAB-DU1 that associates with source IAB-donor-CU, and target logical IAB-DU1 that associates with target IAB-donor-CU. Each logical IAB-DU broadcasts the CGI of the respective IAB-donor-CU. 
Since child IAB-MT2 loses the path to the source IAB-donor-CU after IAB-MT1 switches parents, its RRC connection also needs to be be migrated from the source to the target IAB-donor-CU. Child IAB-MT2 performs RRC Reconfiguration with sync which carries a security update. This triggers the child IAB-node to establish new target logical IAB-DU2 that associates with target IAB-donor-CU and broadcasts a new CGI, and so on. 
As discussed above, delivering the HO command to a descendant UE/IAB-MT along the source path must precede the migrating IAB-node’s parent switch. On the other hand, the descendant UE/IAB-MT’s context transfer must follow the F1 Setup procedure between the corresponding parent’s target logical IAB-DU and the target IAB-donor-CU, which follows the migrating IAB-node’s parent switch. Therefore, above observations and proposals also apply to descendant IAB-nodes of the migrating IAB-node.
Proposal 6: The above proposals also apply to descendent IAB-nodes of the migrating IAB-node.


Figure 3: Example of inter-donor-CU topology adaptation for IAB-node with descendant nodes
Conclusion
This paper discusses aspects to be considered for inter-donor topology adaptation. The following observations and proposals have been made:

Observation 1: Inter-donor topology adaptation mainly focuses on the migration of IAB-nodes between IAB-donor-CU-CPs.
Observation 2: Any sequence of standard procedures to migrate IAB-MT, IAB-DU and UE from source to target IAB-donor-CU leads to a deadlock.

Proposal 1: The IAB-MT migrates from the source to the target IAB-donor-CU using existing handover or SN/MN-change procedures.
Proposal 2: The migrating IAB-node uses a new logical IAB-DU to establish an F1-C association with the target IAB-donor CU, and the new logical IAB-DU broadcasts the NCI of the target IAB-donor-CU.
Proposal 3: The UE has to migrate its RRC connection from the source to the target IAB-donor-CU and perform a security update.
Proposal 4: RAN3 to discuss the deadlock in the sequence of IAB-MT, IAB-DU and UE migration from source to target IAB-donor-CU.
Proposal 5: RAN3 to consider the following options for inter-donor migration:
· Option 1: UE context transfer indicates that the target cell pertains to a prospective parent IAB-DU, whose collocated IAB-MT is already known to the target IAB-donor-CU,
· Option 2: The source path is used for F1-C establishment by the new logical IAB-DU.
Proposal 6: The above proposals also apply to descendent IAB-nodes of the migrating IAB-node.
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