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1. Introduction
In this contribution, we discuss open issues related BH RLF indications. 
2. Discussion
2.1 	Type-2 BH RLF indication triggering condition for a IAB node with dual parents 
For an IAB node connected to a single parent, RAN2 agreed that the IAB node sends a type-2 indication to child node(s) if the node detects a BH RLF. However it is FFS when the IAB node connected to dual parents should send a type-2 indication. Following options can be observed as possible options:
Observation 1: Triggering conditions for Type2 BH RLF indication 
· Option1: To send type-2 indication upon BH RLF of both CGs
· Option2: To send type-2 indication upon BH RLF of any CG
· Option3: To send type-2 indication only if BH RLF is detected and local re-routing cannot be performed 
· Option4: The condition to send type-2 indication is explicitly configured among option candidates chosen from the options above

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 until the both CGs of the parent fails, 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. Such late notification deprives the child node of the chance of avoiding QoS degradation, which could be done if earlier notification has been made.
Observation 2: Option1 may result in too late BH RLF notification. 
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 option1. Such earlier failure notification in the option2 allow the child node to take proactive actions such as local re-routing, if possible. 
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Figure1. Example topology of IAB network (not all nodes are shown).
We compare the option1 and option2. Let us consider Figure1, where the BH between 2-4 fails and node4 detects the failure and performs local re-routing toward node1. 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. In this example,  
· If option1 is used, the node1 needs to serve over all upstream traffics that were originally traversing node 7->4->2 and 6->4->2. 
· If option2 is used, the BH failure is informed to the node 6, and the node6 can trigger local re-routing from node4 to node5. Note that the local re-routing at node6 alleviates the node1’s upstream traffic load; Since the node5 is taking over the upstream traffic coming from node 6 as a result of the local re-routing at node6, the node1 only needs to serve the upstream traffics that were originally traversing node 7->4->2 but not the upstream traffics that were originally traversing 6->4->2. From this example, option2 is shown to yield better load distribution across nodes, but this benefit comes at the cost of propagating the impact of the BH RLF to other routes. 
The early local re-routing by the child node in option2 may be considered beneficial in terms of load balancing in that traffic concentration at a particular upper node can be alleviated, and hence increasing stability of the network. However, if the upper node has been already provisioned with sufficient resources to cope with all re-routed traffic, local re-routing by the lower nodes does not give any benefit but only increase unnecessary local distribution deviating from the originally planned paths. 
Observation 3: Option2 may result in unnecessary BH RLF notification, possibly triggering unnecessary actions at child nodes 
The option3 is in-between the option1 and option2. This option aims to minimize triggering unnecessary type-2 BH RLF indication. More specifically, if an IAB node detects a BH failure on any CG, it will send type-2 BH RLF indication only if the node cannot perform local re-routing. If the node is capable of re-routing and triggering local re-routing upon detection of BH RLF based on its autonomous decision or donor’s configuration, the node does not send the type-2 indication to its child node. In such a case the child node remains transparent to the event of the BH RLF. In contrast, if the node is not capable of re-routing or the node is configured not to trigger local re-routing upon detection of BH RLF, the node sends type-2 BH RLF indication to its child node. Then the child node can take an action such as local re-routing or triggering mobility, if possible. Option3 is considered as simple as option1 and option2, and this option is balancing the ‘earlier’ notification enabled by option2 and ‘necessary’ notification enabled by option1.  
Observation 4: Option3 can be considered as a good trade-off between option1 and option2. 
Option4 is to give the network a full flexibility. However, it is not clear if this such degree of freedom is really necessary or beneficial. 
Based on the analysis and observations, we conclude that option3 is a reasonable choice. 
Proposal 1: An IAB node sends a type-2 indication only if local re-routing cannot be performed by the node 

2.2 Behaviors upon reception of Type2 BH RLF indication
Upon reception of type 2 indication by an IAB node with dual parents
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:
· Option a: It is up to the IAB node whether to trigger local re-routing (i.e., we do not specify any mandatory behaviour for this) 
· Option b: The IAB node is mandated to trigger local re-routing to another parent 
· Option c: It is up to a donor node’s configuration, i.e., the IAB node is configured by a donor with whether to perform local re-routing in that case. 
· Option d: Include information in type2 BH RLF indication, informing the IAB node receiving the indication about the necessity of the local re-routing by the receiving node.  

Option a is least preferred because the overall traffic routing becomes less predictable. 
Option b 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) already performs local re-routing. So, we think option b is not always useful. 
In option c, every node should be configured by a donor node with whether it should perform local re-routing or not upon reception of type-2 indication. In this option, local re-routing policy is based on RRC configuration provided by a donor and hence static.
In option d, type-2 indication informs whether local re-routing by the node receiving the indication is (un)necessary. For example, the type-2 indication may further indicate whether the node transmitting the indication performs local re-routing. Based on the indication, the node receiving the indication can determine whether to perform local re-routing by itself. In case of IAB network where the traffic load is dynamically changing across nodes and routes, the option d can cope with such dynamic traffic variation upon BH RLF better than option c. 
Based on the discussion above, we prefer to narrow down the solution candidate to option c and option d. 
Proposal 2: To discuss which option should be taken for behaviours upon reception of a type-2 indication:  
· Option c: It is up to a donor node’s configuration, i.e., each IAB node is configured by a donor with whether to perform local re-routing upon reception of type-2 BH RLF indication. 
· Option d: Include information in type2 BH RLF indication, informing the IAB node receiving the indication about the necessity of the local re-routing by the receiving node.  

Upon reception of type 2 indication by an IAB node with a single parent
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. Then, the possible actions of the node is 
· Option a) To initiate mobility to a new parent via CHO. 
· Option 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 via e.g. CHO but involves many F1 and RRC signalling flows triggered by the mobility. So it is desirable to make it configurable by a donor whether the node receiving the type-2 indication is required to perform CHO, if CHO candidate is configured.  
Option b) is already possible for an IAB node by smart implementations or based on RRM configuration. 
Proposal 3: Whether an IAB node connected with a single parent is required to perform CHO upon reception of type-2 indication is configured by a donor. 

Number of hops for type-2 indication propagation 
Another open issues related to type-2 indication is whether the received type-2 indication can be further propagated to lower nodes. Our view is that it is sufficient to propagate type-2 indication over only one hop. This is because a node that initially transmits a type-2 indication is attempting to recover from the BH RLF and another node that receives the type-2 indication already triggers proactive actions. No further proactive actions by further lower nodes are necessary.  
Proposal 4: Once an IAB node connected to a single or dual parents receives a type-2 indication, it does not forward the type-2 indication to child node(s) (only a single hop propagation).

2.3 Type-3 BH RLF indication
RAN2 should decide on type-3 triggering conditions. For an IAB node with a single parent, a type-3 indication is triggered if re-establishment triggered by the BH failure is successful. For an IAB with dual parents, type-3 triggering condition depends on type-2 triggering conditions we discussed in section 2.1, i.e.,  
· If option 1 in section 2.1 is taken, type-3 indication is triggered when re-establishment triggered by the failures of both CGs is successful. 
· If option2/3 is taken, type-3 indication is triggered when the failed CG (BH) is recovered.  
· If option4 is taken, type-3 indication is triggered as configured. 

Proposal 5: To decide on type-3 triggering conditions in accordance with the type-2 triggering conditions (see proposal 1). 
For an IAB node receiving type-3 indication, we can consider the following behaviours: 
· Option w: It is up to the IAB node whether to revert local re-routing (i.e., may or may not perform local re-routing) 
· Option x: The IAB node is mandated to revert local re-routing to original parent, if previously triggered 
· Option y: The IAB node reverts local re-routing if the node is configured to do so by a donor node, and not otherwise 
· Option z: The IA node reverts local re-routing if the node is inform by the received type-3 indication to do so, and not otherwise 

Option w is least preferred since the overall traffic routing becomes less predictable. 
Option x may be considered too restrictive since any type-3 indication necessarily triggers local re-. 
Other options, option y and z are all viable, and they have their own benefit in that the behaviour upon reception of type3 indication is fine-controlled as per the situation, as similar to what we have discussed in section 2.2.  
Proposal 6: To decide one of the following option for behaviours upon reception of type-3 indication
· Option y: The IAB node reverts local re-routing if the node is configured to do so by a donor node, and not otherwise 
· Option z: The IA node reverts local re-routing if the node is inform by the received type-3 indication to do so, and not otherwise 


3. Conclusion 
Triggering condition for Type2 BH RLF indication by a node with dual parents
Observation 1: Triggering conditions for Type2 BH RLF indication
· Option1: To send type-2 indication upon BH RLF of both CGs
· Option2: To send type-2 indication upon BH RLF of any CG
· Option3: To send type-2 indication only if BH RLF is detected and local re-routing cannot be performed 
· Option4: The condition to send type-2 indication is explicitly configured among option candidates chosen from the options above

Observation 2: Option1 may result in too late BH RLF notification. 
Observation 3: Option2 may result in unnecessary BH RLF notification, possibly triggering unnecessary actions at child nodes 
Observation 4: Option3 can be considered as a good trade-off between option1 and option2. 
Proposal 1: An IAB node sends a type-2 indication only if local re-routing cannot be performed by the node 

Upon reception of type 2 indication by an IAB node with dual parents
Proposal 2: To discuss which option should be taken for behaviours upon reception of a type-2 indication:  
· Option c: It is up to a donor node’s configuration, i.e., each IAB node is configured by a donor with whether to perform local re-routing upon reception of type-2 BH RLF indication. 
· Option d: Include information in type2 BH RLF indication, informing the IAB node receiving the indication about the necessity of the local re-routing by the receiving node.  

Upon reception of type 2 indication by an IAB node with a single parent
Proposal 3: Whether an IAB node connected with a single parent is required to perform CHO upon reception of type-2 indication is configured by a donor. 
Number of hops for type-2 indication propagation 
Proposal 4: Once an IAB node connected to a single or dual parents receives a type-2 indication, it does not forward the type-2 indication to child node(s) (only a single hop propagation).

Type-3 BH RLF indication 
Proposal 5: To decide on type-3 triggering conditions in accordance with the type-2 triggering conditions (see proposal 1)
Proposal 6: To decide one of the following option for behaviours upon reception of type-3 indication
· Option y: The IAB node reverts local re-routing if the node is configured to do so by a donor node, and not otherwise 
· Option z: The IA node reverts local re-routing if the node is inform by the received type-3 indication to do so, and not otherwise 
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