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1   Introduction

A new study item on Integrated Access and Backhaul for NR was approved in RAN#75 [1]. The motivation is to support wireless backhaul and relay links enabling flexible and very dense deployment of NR cells without the need for densifying the transport network proportionately. TR 38.874 [2] defines the following requirement:

	5.2.2
Topology adaptation

Wireless backhaul links are vulnerable to blockage, e.g., due to moving objects such as vehicles, due to seasonal changes (foliage), or due to infrastructure changes (new buildings). Such vulnerability also applies to physically stationary IAB-nodes. Also, traffic variations can create uneven load distribution on wireless backhaul links leading to local link or node congestion.

Topology adaptation refers to procedures that autonomously reconfigure the backhaul network under circumstances such as blockage or local congestion without discontinuing services for UEs.

Requirement: Topology adaptation for physically fixed relays shall be supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links.


In this contribution, we will investigate schemes of IAB migration when blockage or local congestion happens. Furthermore, we will give several further considerations for IAB node handover and reestablishment.
2   Discussion
IAB topology adaptation scheme

According to TR 38.874, topology adaptation shall be supported to mitigate the impact of blockage and load variation on backhaul links. As shown in figure 1, suppose backhaul link of IAB 1 blockage or congestion happens, it is necessary for the IAB 1 node to migrate to other backhaul links so as to guarantee the service continuity of access UEs. To be specific, the backhaul link migration can be divided into following options:

· Option 1: Release the child IAB node/access UE radio connection and re-direct them to a new cell. 
This option seems simple. But it will cause service interruption of large number of UE.

· Option 2: Handover the child IAB node/access UE to another serving node.

In this option, handover will not introduce too much latency. But the handover of large number of UEs introduces a lot of signaling overhead. If the link quality between the IAB node and its old parent becomes better again, these child IAB node/UE may need to re-connect to the IAB node again. In addition, not all the UEs can find a proper target cell for handover.

· Option 3: IAB nodes change its parent node via handover or reestablishment.
It is straightforward that the IAB node changes a new parent IAB if the old parent cannot work well. With this option the IAB does not need to release or handover all the child IAB node/UEs connected to it. Only the IAB node needs to perform the handover procedure. On the other hand, if RLF occurs before IAB node performing handover procedure, the IAB node has to perform RRC re-establishment. According to current specification, the connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context. Otherwise, the IAB node may move to RRC_IDLE and then reselect suitable cells to connect, which causes longer delay and service interruption. 
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Figure 1 Three options for backhaul link migration

As we can see, when IAB backhaul link blockage or congestion happens, compared to option 1 and option 2, option 3 has little impact on the child IAB node/access UEs and introduce less latency. So it is suggested to first consider option 3. That is, IAB node first try to change the parent IAB node with normal handover procedure. If RLF occurs in backhaul link before performing handover, the IAB node shall try to find a parent node to re-establish the connection as soon as possible. The option 1 and option 2 may work as second choice, for example only when the IAB node breakdown or the reestablishment failure happens. 
Proposal 1:  It is suggested that the backhaul link migration can be divided into following options:

Option 1: Release the child IAB node/access UE radio connection and re-direct them to a new cell. 

Option 2: Handover the child IAB node/access UE to another serving node.

Option 3: IAB nodes change its parent node via handover or reestablishment.

Proposal 2:  It is suggested to first consider option 3. That is, IAB node first try to change the parent IAB node with normal handover procedure. The option 1 and option 2 may work as second choice, for example the IAB node breakdown or the reestablishment failure happens. 

Further considerations for IAB node handover and reestablishment
Based on analysis above, in normal case, handover procedure shall be used for changing the parent IAB of the IAB node. According to current specification, for a non CU/DU split case, the handover procedure is shown in figure 2. When the IAB node access to a parent IAB, it will perform measurement and reporting. Then the source parent IAB decides the target parent IAB based on the measurement report of the IAB node. After that, the source parent IAB can start handover procedure by sending the handover request to the target parent IAB, then the target parent IAB performs access control and prepares radio resource for the IAB node, if ok it will send handover request acknowledge which may include C-RNTI and RACH resource allocated for the IAB to the source parent IAB. Next, the source parent IAB sends the mobility related RRC signaling to the IAB node. When the IAB node receives this mobility related RRC signaling, it will perform random access to the target parent IAB immediately. Meanwhile, the source parent IAB perform SN status transfer and forwarding user data to the target parent IAB. Then after several operations with CN such as path-switch the handover procedure can be finished. 
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Figure 2 handover procedure
But if RLF occurs before performing handover procedure, the IAB node shall try to perform RRC re-establishment. In order to avoid RRC re-establishment failure, the IAB node MT part shall select the parent IAB nodes which has its UE context information. For CU/DU split case, donor CU has all the IAB DU context information. Therefore, the IAB DU shall select the parent IAB node connected with the same donor CU with itself to perform RRC re-establishment.

Proposal 3: In order to avoid RRC re-establishment failure, it is suggested the IAB DU select the parent IAB node connected with the same donor CU with itself to perform RRC re-establishment for CU/DU split case.

When the RLF happens, the IAB can try to access to a candidate target parent IAB node by random access procedure. When the candidate target parent IAB node detects the random access of the IAB node, it will send the handover activate acknowledge to the source parent IAB node. The handover procedure will continue and the source parent IAB perform SN status transfer and forwarding user data to the target parent IAB. Then the handover procedure can be finished.
However, compared to RRC re-establishment, handover procedure is more quickly to change its parent node from one to another. That means, we shall try our best to ensure the handover procedure can be performed even if RLF can not be avoided. According to the handover procedure, the main issue is that the handover configuration related RRC signaling may not be received if RLF happens. So it is suggested that handover related RRC signaling shall be sent before RLF happens. For example, the source parent IAB shall trigger handover when it anticipates the RLF or local congestion may happen even if it does not reach the condition of normal handover trigger. In this case, even if RLF occurs, the IAB node can access to the target parent IAB and perform handover procedure.

Proposal 4: It is suggested that handover related RRC signaling shall be sent to the IAB before RLF happens.
Furthermore, if the IAB node support multi-connectivity and connects with two parent IAB nodes including MN and SN, even if RLF happens in one link, the data can be transmitted in the other link. For example if the MN link cannot work well, IAB change the SN to the MN by handover procedure.

Proposal 5: For multi-Connectivity case, if the MN link cannot work well, it is suggested to change the SN to be the MN of the IAB by handover procedure.

3   Conclusion

In this contribution, we investigated schemes of IAB migration when blockage or local congestion happens. Furthermore, we gave several further considerations for IAB node handover and reestablishment.Then we have the following observations and proposals.

Proposal 1:  It is suggested that the backhaul link migration can be divided into following options:

Option 1: Release the child IAB node/access UE radio connection and re-direct them to a new cell. 

Option 2: Handover the child IAB node/access UE to another serving node.

Option 3: IAB nodes change its parent node via handover or reestablishment.

Proposal 2:  It is suggested to first consider option 3. That is, IAB node first try to change the parent IAB node with normal handover procedure. The option 1 and option 2 may work as second choice, for example the IAB node breakdown or the reestablishment failure happens. 
Proposal 3: In order to avoid RRC re-establishment failure, it is suggested the IAB DU select the parent IAB node connected with the same donor CU with itself to perform RRC re-establishment for CU/DU split case.

Proposal 4: It is suggested that handover related RRC signaling shall be sent to the IAB before RLF happens.
Proposal 5: For multi-Connectivity case, if the MN link cannot work well, it is suggested to change the SN to be the MN of the IAB by handover procedure.
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