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1. Introduction
[bookmark: _GoBack]In the last meeting, the following agreements on BH RLF were made. In this contribution, we further discuss open issues related BH RLF indications. 
	The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for both: single and dual connection cases.
The trigger for type 3 RLF indication transmission is successful recovery after BH RLF. FFS whether for both: single and dual connection cases.
Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU.
Upon reception of the type-2 indication, the IAB node does not initiate RRC re-establishment.
If an IAB node with dual parents (via DC) receives type-2 BH RLF indication from one parent, IAB-node may trigger a local re-routing to the other parent. The detail of local re-routing and whether/how the action on type-2 indication is configurable is FFS



2. Discussion
2.1 Trigger for Type-2 BH RLF indication 
For an IAB node connected to a single parent, if the node detects a BH RLF, it sends a type-2 indication to child node(s). For an IAB node connected to dual parents, it is FFS when the IAB node should send a type-2 indication. Two options can be considered:
· Option1 : Triggering of type-2 indication upon RLF of both CGs
· Option2: Triggering of type-2 indication upon RLF of any CG
· Option3: IAB node is configured to apply either of option1 or option2. 

With option1, child nodes do not know the occurrence of the parent’s BH failure until the both CGs of the parent fails. This means that the child nodes are transparent to the occurrence of the parent’s BH failure, which in turn requires the parent node to take proper actions upon the BH failure, such as local re-routing by the parent node so that the child nodes can remain unaffected from the parent’s BH failure. Note that the child node can trigger local re-routing only after both CGs of the parent fails, because type-2 indication is triggered only then.  
In contrast, with option2, child nodes can be informed earlier about the occurrence of its parent’s BH RLF (regardless of MCG failure or SCG failure), compared to the option2. Such earlier failure notification in the option2 allow the child node to take proactive actions such as local re-routing, if possible. 
Option3 is to rely on network implementation given that both options are reasonable. Option3 gives network some degree of freedom but add extra complexity of network configuration. If option1 and option2 are considered both reasonable, option3 can be taken. 
We compare the option1 and option2. Note that in all options, the parent node is assumed to perform local re-routing upon detecting a BH RLF because it has dual parents. Then, the issue is whether the earlier local re-routing by child node triggered by the early type-2 indication in option2 is beneficial or not. 
Figure 1 gives an example topology of IAB network (not all nodes are shown) for comparison of two options. In this example, a BH between 2-4 fails and node4 detects the failure and perform local re-routing. If option1 is used, the node1 needs to take over all upstream traffics that were originally traversing node 7->4->2 and 6->4->2. However, if option2 is used, the node1 only needs to take over upstream traffics traversing node 7->4->2 because in the node5 is taking over the traffic coming from node 6. From this example, option2 is shown to yield better load distribution across nodes, but this better load balancing comes at the cost of propagating the impact of the BH RLF to other routes 
[image: ]
Figure1. Example topology of IAB network (not all nodes are shown). BH between 2-4 fails and node4 detects the failure and perform local re-routing
In summary, the early local re-routing by the child node enabled by the early type-2 indication in option1 is beneficial in terms of load balancing. In option2, local re-routing is triggered at both the parent node and the chid node, whilst in option1 local re-routing is only triggered at the parent node. In IAB network, there are more traffic on upper nodes closer to a donor node due to traffic concentration on the donor. So, it is in general beneficial for stability of the network to suppress abrupt traffic increase at the upper node. But, if the upper nodes are already provisioned with sufficient resources to cope with such local re-routing, local re-routing by the lower node does not give any benefit but only increase unnecessary local distribution. 
Based on the analysis, we conclude that both options are reasonable and it depends on network topology and resource provisioning to decide which option is desirable. In this case, we think that option3 is a viable option. 
Proposal 1: Type-2 indication triggering condition is configured by a donor with either of a) Triggering of type-2 indication upon RLF of both CGs of b) Triggering of type-2 indication upon RLF of any CG

2.2 Behaviors upon reception of Type2 BH RLF indication
It was agreed that if IAB node with dual parents receives type-2 indication, it may trigger local re-routing. The details of the triggering of local re-routing is FFS. We can consider two options for the concerned IAB node with dual parents upon reception of type-2 indication:
· Option1: It is up to the IAB node whether to trigger local re-routing (i.e., may or may not perform local re-routing) 
· Option2: The IAB node unconditionally triggers local re-routing to another parent 
· Option3: The IAB node triggers local re-routing if the node is configured to do so by a donor node, and not otherwise 
· Option4: The IA node triggers local re-routing if the node is inform by the received type-2 indication to do so, and not otherwise 

Option1 is least preferred because the overall traffic routing becomes less predictable. 
Option2 is straightforward and beneficial in case the parent node of the concerned node does not perform local re-routing. However, option1 may be unnecessary in case the parent node (e.g., node 4) can perform local re-routing and upper nodes of the parent node can have sufficient transmission capacity to serve all re-routed traffic. So, we preclude option2. 
In option3, every node should be configured for potential local re-routing upon reception of type-2 indication. Since this configuration is static, local re-routing triggered by receiving type-2 indication is also static. This means that the resulting local re-routing may not fully address dynamically changing load status across nodes in problematic situations. 
In option4, type-2 indication informs the node of whether to trigger local re-routing or not. Compared to option3, triggering of local re-routing is dynamically indicated. For instance, if the parent node of the concerned node fully supports local re-routing of all traffic of the concerned node, the indication does not trigger local re-routing by the concerned node. If the parent node of the concerned node does not fully support local re-routing of all traffic of the concerned node, the indication should trigger local re-routing by the concerned node. 
In our view, option3 and option4 seem both reasonable. The property of dynamic triggering of local re-routing in option1 make this option more attractive because the property is useful to cope with dynamic changes of traffic and achieve the potential for better load balancing. 
Proposal 2: To discuss which option should be taken for the IAB node receiving a type-2 indication:  
· Option3: The IAB node triggers local re-routing if the node is configured to do so by a donor node, and not otherwise 
· Option4: The IA node triggers local re-routing if the node is inform by the received type-2 indication to do so, and not otherwise 

In case an IAB node connected to a single parent node receives a type-2 indication, the node does not initiate RRC re-establishment as agreed in the last RAN2 meeting. The possible actions of the node is either a) to initiate mobility to a new parent to reduce service interruption or b) to keep its parent but initiate searching for a new parent candidate to be prepared for a potential type-4 indication. Option a) may reduce service interruption if the mobility can be quickly executed. However, since the Option a) is a change of the network topology, many F1 and RRC signalling flows involved in the topology changes must be triggered. Option b) is already possible for an IAB node, because nothing prevents the node from doing so. It is FFS whether any enhancements to promote such searching process is necessary.  
Proposal 3: If an IAB node connected to a single parent receives a type-2 indication, it may initiate searching for candidate parents in preparation for potential reception of type-4 indication. It is FFS whether any enhancements to promote such searching process is necessary.  
Another open issues related to type-2 indication is whether the received type-2 indication should be further propagated to lower nodes. Our view is that it is sufficient for type-2 indication to child nodes over only one hop because the parent node that initially triggers type-2 indication is attempting to recover and the chid node receiving the type-2 indication already triggers proactive actions. No further proactive actions by lower nodes of the child node are necessary.  
Proposal 4: If an IAB node connected to a single or dual parents receives type-2 indication, it does not send type-2 indication to child nodes.

2.3 Type-3 BH RLF indication
RAN2 should decide type-3 triggering conditions. For an IAB node with a single parent, type-3 triggering condition is clear. It will trigger type-3 indication if re-establishment triggered by the BH failure is successful. For an IAB with dual parents, type-3 triggering condition is automatically decided by type-2 triggering conditions we previously discussed above. That is, 
· If option 1 in section 2.1 is taken, type-3 indication is triggered when re-establishment triggered by the failures in section 2.1 of both CGs is successful. 
· If option2 is taken, type-3 indication is triggered when the failure any CG (BH) is recovered.  
· If option3 is taken, type-3 indication is triggered as configured. 

Proposal 5: To decide on type-3 triggering conditions by considering RAN2 decision on type-2 triggering conditions. 

For an IAB node receiving type-3 indication, we can consider the following behaviours: 
· Option1: It is up to the IAB node whether to revert local re-routing (i.e., may or may not perform local re-routing) 
· Option2: The IAB node unconditionally reverts local re-routing to another parent, if previously triggered 
· Option3: The IAB node reverts local re-routing if the node is configured to do so by a donor node, and not otherwise 
· Option4: The IA node reverts local re-routing if the node is inform by the received type-3 indication to do so, and not otherwise 

Option1 is least preferred since the overall traffic routing becomes less predictable. 
While option3 and option4 are viable, we think option2 is sufficient for type-3 indication, because the whole purpose of type-3 indication seems to revert the overall traffic routing back to the original state. 
Proposal 6: The IAB node unconditionally reverts local re-routing to another parent, if previously triggered.   

3. Conclusion 
Proposal 1: Type-2 indication triggering condition is configured by a donor with either of a) Triggering of type-2 indication upon RLF of both CGs of b) Triggering of type-2 indication upon RLF of any CG
Proposal 2: To discuss which option should be taken for the IAB node receiving a type-2 indication:  
· Option a: The IAB node triggers local re-routing if the node is configured to do so by a donor node, and not otherwise 
· Option b: The IA node triggers local re-routing if the node is inform by the received type-2 indication to do so, and not otherwise 
Proposal 3: If an IAB node connected to a single parent receives a type-2 indication, it may initiate searching for candidate parents in preparation for potential reception of type-4 indication. It is FFS whether any enhancements to promote such searching process is necessary.  
Proposal 4: If an IAB node connected to a single or dual parents receives type-2 indication, it does not send type-2 indication to child nodes.
Proposal 5: To decide on type-3 triggering conditions by considering RAN2 decision on type-2 triggering conditions. 
Proposal 6: The IAB node unconditionally reverts local re-routing to another parent, if previously triggered.   
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