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Introduction
The Release 17 WID on IAB enhancements [1] defines the following objectives related to topology adaptation enhancements:
	Topology adaptation enhancements [RAN3-led, RAN2]:
· Specification of procedures for inter-donor IAB-node migration to enhance robustness and load-balancing, including enhancements to reduce signalling load.   
· Specification of enhancements to reduce service interruption due to IAB-node migration and BH RLF recovery.
· Specification of enhancements to topological redundancy, including support of CP/UP separation.


Specifically, one aspect of the above objectives refers to enhancements to reduce signalling load in the context of IAB-node migration. In this contribution we explore signalling load issues emerging from using baseline signalling procedures for migration of large number of UEs and IAB-MTs when an IAB-node migrates from one IAB-donor node to a different IAB-donor node. In past discussions [2], group mobility procedures have been suggested as a way to overcome some of the signalling issues related to inter-donor IAB-node migration. However, the discussion on this topic has not reached the level of detail needed to fully address all the issues or provide sufficiently developed solutions [3]. In order to make progress, in this contribution we provide some principles that we believe should be followed when designing group mobility procedures for inter-donor IAB-node migration to reduce signalling load.
Principles of Inter-donor IAB-node migration
Regarding current signalling procedures as baseline
During the RAN3#109-e meeting, it was agreed that for inter-donor migration of UEs and IAB-MTs, current signalling is taken as baseline, with a common understanding that reduction of associated signalling load shall be considered.
	Current signaling is taken as baseline for inter-donor migration of UEs and IAB-MTs
(common understanding is that we shall consider reducing the associated signaling load)


When an IAB-node migrates from one IAB-donor to another IAB-donor, this can trigger a large number of handover procedures for all the UEs and IAB-MTs in the multi-hop tree further downstream from the migrating IAB-node. This, in turn, may cause a storm of RACH procedures due to UEs trying to reconnect back to the same IAB-nodes that they were already associated with in the first place. Therefore, a lot of unnecessary procedures and signalling would need to be executed. 
Inter-donor IAB-node migration can occur due to a number of reasons. If the IAB-node migration is being done voluntarily by the network for purposes such as load balancing, the network may be able to gradually perform such a transition as long as the migrating IAB-node has connectivity to both IAB-donors. In such cases, the flood of signalling and RACH procedures may be spread out in time. It is important to note that even in this case the total volume of signalling and RACH procedures is not reduced. Also, the key requirement for such a gradual transition to work is that the migrating IAB-node must continue to have simultaneous connectivity with both involved IAB-donors. As was discussed during the RAN3#109-e meeting, it is still not clear how such simultaneous connectivity to both IAB-donors could be achieved while still not breaking the F1-interface principle of 1-1 connectivity between gNB-DU and gNB-CU. 
Moreover, there may be scenarios where it may not be possible for the migrating IAB-node to have simultaneous connectivity to both IAB-donors. For example, there may be scenarios where one of the upstream links between the migrating IAB-node and source IAB-donor experiences RLF, and there is no alternate route available. It has been argued, that in practice IAB-nodes will primarily be deployed as fixed nodes with managed and configured line-of-site backhaul links, so such RLF scenarios may be highly unlikely. However, IAB is a solution with many potential use cases. There may be scenarios where IAB is used for temporary deployments, for example in disaster recovery zones where widespread fiber-connectivity may not be available, or to provide temporary coverage for events, etc. Depending upon the size, scale or location of such deployments, it is quite possible for scenarios to exist where a migrating IAB-node does not have simultaneous connectivity to both involved IAB-donors. Furthermore, such non-traditional scenarios may be even more sensitive to a flood of signalling and RACH procedures compared to more traditional fixed-node scenarios. Even for traditional fixed-node deployments of IAB in dense urban environments, there could always be situations where an IAB-node loses a parent link due to various reasons such as blockage due to construction vehicles, etc. 
In summary, while it may be reasonable to start with the current signalling procedures as the baseline for inter-donor IAB-node migration, it is imperative to address the flood of signalling and RACH procedures that may be unleashed on the network as a result of the inter-donor IAB-node migration. 
Proposal 1: Even though current signalling procedures have been agreed as baseline for inter-donor migration of UEs and IAB-MTs, due to significant potential of current procedures to overwhelm the network, and keeping in line with the work item objective of reducing signalling load, enhancements shall be introduced in Rel-17 to minimize the signalling and procedures needed for inter-donor IAB-node migration. 
RACH procedure and security key update
When an IAB-node migrates from one donor node to another donor node, if we follow current signalling procedures, this would require every UE associated with the IAB-node and every UE associated with all children of that IAB-node to go through an Xn Handover Procedure, which would involve handover-related measurements, RACH access and RRC reconfiguration. The RACH procedure is completely unnecessary because there would be no change in the UE’s serving cell, or in the case of child IAB-nodes, no change in parent cells. Therefore, the RACH procedure can be completely avoided. Correspondingly, any handover-related measurements that a UE would normally perform under current signalling procedures could also be avoided.
Proposal 2: UEs and IAB-MTs associated with an inter-donor migrating IAB-node should be able to avoid the RACH procedure and handover-related measurements.
One of the issues with an inter-donor migration is that if there is a change of termination point, there would need to be a change in security key. In a regular Rel-15 based Xn handover procedure, the security key is provided by the target gNB-CU in an RRCReconfiguration message and transferred over the Xn interface to the source gNB-CU to be delivered to the UE in question. In the case of IAB, for inter-donor IAB-node migration, the UEs/IAB-MTs associated with the migrating IAB-node would also be provided the security key update in a RRCReconfiguration message from the target IAB-donor. However, in this case there may be different ways of providing the RRCReconfiguration message with security key update from the target IAB-donor to the UEs and IAB-MTs involved in this migration. There may be differences in the procedure depending upon whether the migrating IAB-node can simultaneously connect with the source and target IAB-donors or not. Also, there may be differences depending upon how group signalling procedures are designed for inter-donor IAB-node migration. At present, none of those solution details need to be agreed. However, it is important to agree on the framework principle that for UEs and IAB-MTs involved in inter-donor migration, any security key updates can be provided from the target IAB-donor via RRCReconfiguration message through the migrating IAB-node. Once this framework is agreed, companies can provide detailed solutions for further discussion and decision. 
Proposal 3: For UEs and IAB-MTs associated with an inter-donor migrating IAB-node security key updates should be provided from the target IAB-donor node via RRCReconfiguration message through the migrating IAB-node. Specific details of the procedure are FFS. 
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Figure 1: Inter-donor IAB-node migration

Group signalling principle
During the RAN3#109-e meeting there was some discussion about how group signalling could be designed to reduce the number of signalling messages. One of the issues with the proposed solutions was that individual messages from current signalling procedures were simply concatenated to produce group signalling messages. So, while the total number of signalling messages generated as a result of an inter-donor IAB-node migration event could be significantly reduced, the total amount of data carried by the large group signalling message may still be the same as the sum of all the individual signalling messages. 
Given that a significant number of information elements related to the serving cell of the UE/IAB-MTs associated with the migrating IAB-node would not change after inter-donor IAB-node migration, new group signalling messages could be designed more efficiently, so that they are not simply concatenated versions of entire individual signalling messages. For example, each RRCReconfiguration message could be significantly shorter, updating only a subset of parameters. Furthermore, in order to minimize impact to legacy UEs, group signalling messages could potentially be limited to signalling between the migrating IAB-node and IAB-donor nodes. For example, there could be design differences depending upon awareness of group mobility within the topology. Design choices may need to be made about how many nodes in the topology are aware of the group mobility procedure vs. a fully transparent approach. None of this needs to be decided right now. Details of group signalling could be decided at a later stage. What is more important to decide currently, is the framework principle that group signalling for migration of inter-donor migration of UEs and IAB-MTs should be constructed in a more efficient manner than simple concatenation of individual signalling messages. Companies would be free to propose detailed solutions within this framework at future meetings. 
Proposal 4: Group signalling messages designed for inter-donor migration of UEs/IAB-MTs should be more efficient than simple concatenation of entire individual signalling messages. Further details of group signalling solutions and the level of awareness of group mobility within the topology are FFS.
Conclusion
This contribution discussed principles of group mobility for inter-donor IAB-node migration. The following proposals were offered for consideration: 
Proposal 1: Even though current signalling procedures have been agreed as baseline for inter-donor migration of UEs and IAB-MTs, due to significant potential of current procedures to overwhelm the network, and keeping in line with the work item objective of reducing signalling load, enhancements shall be introduced in Rel-17 to minimize the signalling and procedures needed for inter-donor IAB-node migration. 
Proposal 2: UEs and IAB-MTs associated with an inter-donor migrating IAB-node should be able to avoid the RACH procedure and handover-related measurements.
Proposal 3: For UEs and IAB-MTs associated with an inter-donor migrating IAB-node security key updates should be provided from the target IAB-donor node via RRCReconfiguration message through the migrating IAB-node. Specific details of the procedure are FFS. 
Proposal 4: Group signalling messages designed for inter-donor migration of UEs/IAB-MTs should be more efficient than simple concatenation of entire individual signalling messages. Further details of group signalling solutions and the level of awareness of group mobility within the topology are FFS.
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