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1  Introduction

In terms of scenarios, the IAB-node may migrate from one parent node to another parent node under same IAB-donor or different IAB-donor. In Rel-16, only the intra-donor migration procedure was discussed for IAB. The inter-donor migration case has been postponed to R17, as one objective in Rel-17 IAB WID [1]:


[image: image1]
In this paper, we mainly focus on the issues about the IAB inter-donor migration procedure. 

2  Discussion
In IAB topology, different IAB-nodes can be divided into two types: leaf IAB-node or intermediate IAB-node. Each leaf IAB node only serves UEs, while an intermediate IAB-node has one or more descendent IAB nodes. Apparently, for inter-donor migration scenario, the migrating node can be a leaf IAB-node or an intermediate IAB-node. 

2.1 Basic assumption of inter-donor migration

If the migrating node is a leaf IAB-node, the whole IAB migration procedure will impact the connected UEs, e.g. all the connected UE may also performs handover with the migrating leaf IAB-node. 

If the migrating node is an intermediate IAB-node, the whole inter-donor migration procedure will be more complicated than the leaf IAB-node migration case. Because all the child IAB-nodes, and all UEs connect to the migrating IAB-node as well as its descendent IAB-nodes will affected. Such case will involve multiple UE’s HO and IAB-MTs’ HO, as well as multiple IAB-DU’s F1 connection setup, the BAP related configuration update in multiple BH links, etc.  
Therefore, we suggest that in Rel-17 we should first study the case of leaf IAB-node inter-donor migration, and then consider the intermediate IAB-node migration. 

Proposal 1: RAN3 take the leaf IAB-node migration as starting point when discuss the inter-donor migration, and then extend to the intermediate IAB node migration case. 
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Figure 1 An example of leaf IAB-node as migrating node
When migrating node migrates from on parent node to another parent node under different IAB-donor, there are the following scenarios. 

Scenario 1: All child nodes may migrate together with the migrating node as a group. 
In this scenario, the child node will not leave the migrating node even if the migrating node changes parent node. For example, as shown in figure 1, IAB-node3 is the migrating node, and the link between each UE and IAB-node3 is good, all UEs can migrate together with the IAB-node3 and connect to target IAB-donor. This scenario is same as the assumption for R16 intra-donor migration case.
Scenario 2: Only parts of the child nodes can migrate together with the migrating node. 

For example, some child nodes may face the two following cases, and will not migrate with their parent node. 
· Case 1: The resources on the target IAB-donor are limited and cannot allow the migrating node and all its child nodes access together. 
· Case 2: The link between the migrating node and its child node is not good, it may trigger the normal handover of the child node itself. Also shown in figure 1, for example, if the link between UE4 and IAB-node3 is not good, all UEs except for UE4 can migrate together with the IAB-node3, while UE4 may handover to a new access node, e.g. access IAB-node2 directly if the link quality between UE4 and IAB-node2 is good enough. 
Scenario 3: Each child node of migrating node operates independently.
As one possible example, the migrating node may stop serving any child node connects to its DU part when perform migration, then the child node can find that the link to the migrating node is not workable, and will trigger RRC re-establishment procedure respectively, but this will cause sudden service interruption for all child nodes. Another example is that the source IAB-donor can switch each child node of the migrating node independently, before the migrating node perform HO, this will cause long waiting time for the migrating IAB-node before it can perform HO. 
Apparently, for scenario 3, it may cause signalling storm, sudden service interruption or HO failure for migrating IAB-node due to long preparation time. Both scenario 1 and scenario 2 allow the child node migrate with the parent migrating node, i.e. the group based migration, which is also same as the R16 assumption. Therefore, we suggest that group migration procedure should be supported in Rel-17.  

Proposal 2: RAN3 takes the assumption that group based migration procedure should be supported, e.g. migrating node and all/parts its child nodes migrate together as a group. 

With the group based migration assumption, although the migrating node changes a parent node, the link between the migrating node and its child node does not change. As shown in figure 1, IAB-node3 migrates from IAB-node1 to IAB-node2, but all child UEs are always connected to the IAB-node3. In this case, almost all operations of UEs can remain unchanged, except that the key needs to be updated due to the change of IAB-donor-CU, and the synchronization to the IAB-node3 will be kept by the UEs. Then, the RACH procedure for the child node when migrates with parent IAB-node seems can be skipped, and this is helpful for reducing a lot of RACH signalings. 

Observation 1: When a child node migrates with its parent IAB-node, the RACH procedure for this child node can be skipped, since neither the parent node nor the access cell has changed.
2.2 Details on migration
If group migration is supported in Rel-17, the following issues needs to be considered and discussed. As shown in figure 2, we provide an example about basic inter-donor IAB-node migration procedure. The migrating IAB-node is a leaf node in this example.
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Figure 2 An example of Inter-donor IAB-node migration procedure
HO preparation:

In NR, the existing handover preparation procedure is executed per UE. That is, if the source decides to switch a UE to the target, it will initiate a handover request to the target for establishing necessary resources in the target for an incoming handover, and then the target sends a handover command to UE through the source to indicate the UE to perform handover. 

For group based migration in Rel-17 IAB, the migration IAB-node and its child nodes can migrate together as a group, so it is necessary to design a group-based handover preparation procedure, to allow performing the HO request and HO command feedback per migration group. The details about signalling in this procedure need further study, e.g. to define new group handover preparation messages, or update the existing handover request/response message. 
Proposal 3: R3 discusses group-based handover preparation procedure to allow performing the HO request and HO command feedback per migration group. 
From signalling aspects, the existing handover request is used to transfer the context of UE from the source to the target in NR. However, for group migration, the context of all members (including migrating IAB node, UEs, descendent IAB nodes if any) in the migration group should be transferred from the source IAB-donor to the target IAB-donor. 

In addition, considering that the network topology in the migration group will not change during the migration procedure, the network topology information about the whole migration group, will be beneficial for the target IAB-donor to be aware of the relationship of each node in the coming group. Then such topology information should be transferred from the source IAB-donor to the target IAB-donor with the group members’ context.  

Proposal 4: From signalling aspects, the context of each member in the migration group, and the network topology information about the migration group should be transferred from the source IAB-donor to the target IAB-donor in HO preparation phase. 
HO execution and completion:

In IAB, the RRC message of the child node should be transmitted via its parent node. More specifically, the RRC message is carried in the F1AP message of its parent node. 

As mentioned above, for group based migration, the child nodes of the migrating IAB-node must update the key according to the HO command from the target IAB-donor. After the migrating IAB-node receives its own HO command, it will not receive any more packets from its source parent node. Moreover, the HO command for each descendant IAB-node/UE is send by the target IAB-donor via the source IAB-donor. Thus, F1AP message include the HO command for each child node should be sent to the migrating IAB-node before it receives its own HO command. For example, as shown in figure 2, RRCReconfiguration message for UEs generated by the target IAB-donor should be sent to IAB-node3 via the source IAB-donor, before the IAB-node3 receives handover command from the target IAB-donor (e.g. step 6 and step 7 must before step 11 and step 12). 
Proposal 5: Before the migrating IAB-node receives its own HO command from the target IAB-donor, the F1AP messages which include the HO command for its child nodes generated by the target IAB-donor should be sent to the migrating IAB-node via the source IAB-donor. 
After receiving the F1AP message which includes HO command (RRCReconfiguration) for its child nodes, the migrating IAB-node can forward this RRC message to the corresponding child nodes immediately as legacy operation. And each child node will respond with RRCReconfigurationComplete message, which is targeted to the target IAB-donor, to the migrating IAB-node. The migrating IAB-node should buffer the RRCReconfigurationComplete message for each child node and not send to the target IAB-donor, until the context of child node has been successfully setup in the F1 connection between its DU part and the target IAB-donor. For example, the migrating IAB node will buffer the UE’s RRCReconfigurationComplete message from step 10 to step 20 in figure 2).
Observation 2: After receiving the RRCReconfiguration message for some child node, the migrating IAB-node can forward this RRC message to the corresponding child node immediately, just same as legacy operation.
Observation 3: The migrating IAB-node should buffer the RRCReconfigurationComplete message for each child node and not send to the target IAB-donor, until the context of child node has been successfully setup in the F1 connection between its DU part and the target IAB-donor.
In NR, the gNB-DU is only allowed to connect one gNB-CU-CP, thus it means that the gNB-DU only support establish one F1 interface with one gNB-CU at a time. The gNB-DU will initiates an F1 setup procedure to gNB-CU after it obtains DU’s context (e.g. DU’s name, DU’s ID, DU’s served cell information, etc.).
In Rel-17 IAB, due to the change of the IAB-donor-CU, the migrating IAB-node and its child IAB-nodes should establish a new F1 connection with the target IAB-donor, as shown in step 17 in Figure 2. However, as stated in the procedure description about the F1 setup, establishing an entirely new F1 connection using the F1 Setup Procedure means that all the UE context, signalling connection, and application level configurations will be erased, like the F1 Reset Procedure would do. Then the entirely new F1 setup procedure and the consequent UE context setup procedures for all child nodes will cause not only large amount of signalling, but also unimaginable long latency, before the migrating IAB-node can provide service to child nodes. Such negative impact will not tolerable for UEs in the migration group. So we suggest that how to perform the F1 connection migration for the IAB-nodes in the migration group, from the source IAB-donor to the target IAB-donor should be discussed. For example, introducing F1 migration similar to UE’s RRC connection migration may be helpful.
Observation 4: For an IAB-node which performs inter-donor migration, an entirely new F1 setup procedure to the target IAB-donor and the consequent UE context setup procedures for all child nodes will cause not only large amount of signalling, but also unimaginable long latency, before the migrating IAB-node can provide service to child nodes.
Proposal 6: RAN3 discusses how to perform the F1 connection migration for the IAB-nodes in the migration group, from the source IAB-donor to the target IAB-donor. 
3  Conclusion

This paper mainly discusses the potential issues on the inter-donor IAB-node migration procedure, then we provide the following observations and proposals:
Observation 1: When a child node migrates with its parent IAB-node, the RACH procedure for this child node can be skipped, since neither the parent node nor the access cell has changed.
Observation 2: After receiving the RRCReconfiguration message for some child node, the migrating IAB-node can forward this RRC message to the corresponding child node immediately, just same as legacy operation.
Observation 3: The migrating IAB-node should buffer the RRCReconfigurationComplete message for each child node and not send to the target IAB-donor, until the context of child node has been successfully setup in the F1 connection between its DU part and the target IAB-donor.
Observation 4: For an IAB-node which performs inter-donor migration, an entirely new F1 setup procedure to the target IAB-donor and the consequent UE context setup procedures for all child nodes will cause not only large amount of signalling, but also unimaginable long latency, before the migrating IAB-node can provide service to child nodes.
Proposal 1: RAN3 take the leaf IAB-node migration as starting point when discuss the inter-donor migration, and then extend to the intermediate IAB node migration case.
Proposal 2: RAN3 takes the assumption that group based migration procedure should be supported, e.g. migrating node and all/parts its child nodes migrate together as a group. 

Proposal 3: R3 discusses group-based handover preparation procedure to allow performing the HO request and HO command feedback per migration group.
Proposal 4: From signalling aspects, the context of each member in the migration group, and the network topology information about the migration group should be transferred from the source IAB-donor to the target IAB-donor in HO preparation phase.
Proposal 5: Before the migrating IAB-node receives its own HO command from the target IAB-donor, the F1AP messages which include the HO command for its child nodes generated by the target IAB-donor should be sent to the migrating IAB-node via the source IAB-donor. 
Proposal 6: RAN3 discusses how to perform the F1 connection migration for the IAB-nodes in the migration group, from the source IAB-donor to the target IAB-donor. 
4  Reference

[1] RP-201293, New WID on Enhancements to Integrated Access and Backhaul. Qualcomm. 
[2] 3GPP TS38.473, v16.2.0. NG-RAN; F1 application protocol (F1AP).
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.
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