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1. Introduction
In this contribution, we discuss the potential enhancements of BH RLF indications in conjunction with conditional mobility and local re-routing as subsequent procedures following BH RLF for IAB networks. 
2. Discussion
The following is the list of the BH RLF indication which RAN2 has considered so far:
· Type-2 indication: BH RLF indication triggered upon detecting BH RLF (new)
· Typer-3 indication: BH RLF indication triggered upon a successful recovery from the BH RLF (new)
· Type-4 indication: R16 BH RLF indication triggered upon a failure of recovery from the BH RLF (what we have now)

2.1 Fast topology adaptation based on Type-2 indication 
According to the RAN2 discussion so far, many companies think that the current BH RL indication (type-4) has a serious drawback of long service interruption at the child nodes receiving the BH RLF indication, as analyzed in [1]. 
Observation 1: Topology adaptation based on the current BH RLF indication adds prohibitive delays and service interruption.
To reduce the service interruption, many companies consider triggering a proactive actions at the child node(s). To trigger such proactive actions at the descendent nodes, it is crucial that an IAB node, upon detecting BH RLF, immediately sends a BH RLF indication (type-2 indication) to its child node(s) for proactive operations. 
Proposal 1: Upon detecting a BH RLF, an IAB node immediately sends a BH RLF indication (a.k.a. type-2 indication) to its child node(s)
Since the IAB node that has sent a type-2 BH RLF indication is still trying to recover from BH RLF, the child node receiving the type-2 BH RLF indication should not consider the reception of type-2 indication as a failure of the concerned backhaul. That means, upon receiving type-2 indication, the child node should not attempt to make any topological changes such as initiating RRC re-establishment.  
Proposal 2: An IAB node does not consider the reception of type-2 indication over a backhaul as a failure of the backhaul between the node and its parent node. That is, upon reception of the type-2 indication, the IAB node does not initiate RRC re-establishment. 
Suppose an IAB node that is configured with DC receives a type-2 indication. Since the IAB node has an alternative path to use, it is not really necessary for the IAB node to perform any topological adaptation. Instead, the IAB node is sufficient to perform local re-routing to steer the traffic flows on the problematic path onto another path. In fact, triggering a mobility upon receiving type-2 indication may incur unnecessary topology adaptations. To see this, consider the case that an IAB node upon receiving the type-2 indication makes a topological change, but then the original parent node of the IAB node succeeds the recovery from the BH RLF. Then the IAB node that previously received the type-2 indication may need to make another mobility just to revert to back to the original topology, i.e. to connect to the original parent. That is, it is desirable in terms of topological stability for the IAB node to keep the existing topology, whenever possible such as in a DC case, and to perform other actions such as re-routing to minimize communication interruption.  
Proposal 3: Support triggering a local re-routing upon receiving type-2 indication for an IAB node configured with DC. 
However, local re-routing is not possible for an IAB node that is configured with a single connectivity. Hence, upon receiving type-2 indication, the IAB node with a single connectivity may need to trigger a topology adaptation towards a proper cell (new parent) as soon as possible to minimize service interruption. That is, it is beneficial to use the reception of type-2 indication as the mobility execution condition for an IAB node with a single connectivity, i.e. CHO execution condition. 
Proposal 4: Introduce the event of receiving type-2 indication as an execution condition of a conditional PCell mobility (CHO). 
Proposal 5: For an IAB node configured with the reception of type-2 indication as an execution condition for a conditional mobility, upon receiving a type-2 indication from a backhaul corresponding to a MCG, the IAB node initiates executes a conditional PCell change (CHO).
Regarding whether it is beneficial to use the reception of type-2 indication as an execution condition for a conditional PSCell change (CPC), we recall that, as already claimed above, upon receiving type-2 indication, it is not necessarily beneficial to make a topology adaption for a DC-configured IAB node. Hence, it is not neccearyh to support the event of receiving type-2 indication as an execution condition of a conditional PSCell change. 
Proposal 6: Do not introduce the event of receiving type-2 indication as an execution condition of a conditional PSCell change. 
Note that triggering a mobility upon receiving type-2 indication by a single connected node implies that the communication between the existing parent node and the node is no longer possible. That also implies that its parent node does not need to send any subsequent BH RLF indication such as type-3 and type-4 (and this is already impossible) to the IAB node, since the parent node is no longer a parent of the concerned IAB node.  

2.2 Topology adaptation based on Type-4 indication 
We discuss whether we need to introduce the event of receiving type-4 indication as an execution condition of a conditional mobility as a means for a recovery from BH RLF. 
Let us consider the case that a R16 IAB node configured with a CHO receives type-4 indication over a backhaul corresponding to a MCG. Then the IAB node initiates RRC re-establishment procedure unless T316 for a fast MCG recovery is configured. If re-establishment is initiated and the node selects a CHO candidate cell during the re-establishment, the node performs a mobility towards the candidate cell (CHO), instead of proceeding the re-establishment procedure. Based on this analysis, we make the following observation:   
Observation 2: As of Rel-16, if IAB node is configured with CHO, reception of type-4 BH RLF indication via MCG can lead to execution of CHO during re-establishment. 
From the observation 2, it is obvious that triggering CHO as a means for a recovery from RLF of BH corresponding to a MCG is already possible. The only blocking case is when T316 is configured. This case should not be an issue, because it is strictly under network control. In case T316 is configured, the IAB node will send MCGFailureInformation to a donor, and the donor will do proper actions to recover the failure. Thus we make the following observation:  
Observation 3: As of Rel-16, if T316 is configured for a fast MCG recovery, reception of type-4 BH RLF indication over MCG will initiate MCG failure information procedure. Then, the donor will take proper action to recover the failure.  

Next let us consider the case that a R16 IAB node configured with a CPC receives type-4 indication over a backhaul corresponding to a SCG. Then the IAB node initiates SCG failure information procedure, and the donor will do proper actions to recover the failure. 
Observation 4: As of Rel-16, reception of type-4 BH RLF indication over SCG will initiate SCG failure information procedure. Then, the donor will take proper action to recover the failure.  
Considering the observation 2-4, we conclude that the event of receiving type-4 indication as an execution condition of a conditional mobility is not needed. 
Proposal 7: Do not introduce the event of receiving type-4 indication as an execution condition of a conditional mobility.  

2.3 Topology adaptation based on Type-3 indication 
It is our view that the primal usage of the type-3 indication is to make the node receiving the type-3 indication revert back to the original routing, if the node has performed a local re-routing upon previous reception of type-2 indication. 
Proposal 8: Upon receiving type-3 indication, revert back to the original routing from the one resulting from local re-routing that is triggered upon type-2 indication, if previously triggered.  
One may think that the type-3 indication could be used to make the node receiving the type-3 indication revert back to the original topology, if the node has performed a topology adaptation upon previous reception of type-2 indication. We think that type-3 indication is hard to be used to enforce the receiving node to revert back to the original topology since the IAB node that previously received type-2 indication already changed its parent to another node and hence the type-3 indication cannot be delivered to the node. 
Proposal 9: Do not introduce the event of receiving type-3 indication as an execution condition of a conditional PCell mobility (CHO) to revert back to the original topology. 

2.4 Other BH RLF indication enhancements  
One interesting question is whether it is beneficial for a donor node to explicitly know the occurrence of BH RLF with exact knowledge of the failed link. 
Currently in Rel-16, a donor can know the occurrence BH RLF via MCG/SCG failure information procedure. For a backhaul between a parent node (upper node) and a node (lower node), RLF of the backhaul is currently detected only by a lower node. If the lower node is not configured with DC, the BH RLF cannot be immediately reported to a donor since the lower node cannot initiate MCG/SCG failure information procedure. As a consequence, the donor cannot immediately detect the occurrence of the BH RLF. If the recovery from BH RLF fails and type-4 indication is sent to child nodes of the lower node, one or child nodes configured with DC may trigger a MCG/SCG failure information procedure, if supported. But, the donor’s awareness is already too late to take a proactive actions against the BH RLF. 
If type-2 BH RLF indication is introduced, the lower node will immediately send the type-2 indication to its child node(s). If any of these child nodes can report to a donor the BH failure via DC capabilities, this failure reporting is early enough for a donor to perform proactive actions such as routing updates or topology adaptation. For instance, as shown in the figure below, upon RLF of the BH 3-5, the node 5 immediately sends a type-2 indication to the node 7, and then the node 7 can immediately inform the donor node of the BH RLF. As a response to the BH RLF report, the donor may quickly update the routing configuration of the node1 to de-tour the backhaul 3-5 for downstream. 

[image: ]
Figure 1. Downstream re-routing triggered by RLF of the backhaul between node 3 and 5 (BH 3-5) (Left) Routing path before BH RLF occurs between node3 and 5. (Right) Routing path after the routing configuration of the node1 is reconfigured by a donor node.
Proposal 10: Upon receiving type-2 indication, the IAB node configured with DC sends a failure report to a donor
There is an alternative proposal from other companies to optimize downstream after BH RLF. In the proposal, the upper node of the failed backhaul detects the failure and informs this to tis parent, i.e. propose to introduce upward BH RLF indication. Referring to the figure1 again, in the proposal, the node3 detects the failure of BH 3-5 and informs the failure to the node 1, expecting the node1 to trigger proper actions (e.g. local re-routing) to benefit downstream. While the proposal makes some sense, we observe that the proposal requires the detection of RLF of a back by an upper node of the backhaul, which is however not currently specified in 38.331, since the upper node (node 3 in the figure)’s behaviour in this case corresponds to the gNB behaviors in the specification. In general, we think it is desirable to trigger local re-routing only when necessary for network stability. As long as the donor can quickly know the BH RLF from the reporting related to type-2 indication, we think it is not essential to support by upward BH RLF indication and corresponding local re-routing for downstream.
Proposal 11: Do not introduce a mechanism for informing any types of BH RLF indications to upper intermediate nodes (i.e. upward BH RLF indication) other than to a donor node.

3. Conclusion 
We discuss the potential enhancements of BH RLF indications in conjunction with conditional mobility and local re-routing as subsequent procedures following BH RLF for IAB networks. We provides our observations and proposals as follows: 
Type-2 indication related proposals
Observation 1: Topology adaptation based on the current BH RLF indication adds prohibitive delays and service interruption.
Proposal 1: Upon detecting a BH RLF, an IAB node immediately sends a BH RLF indication (a.k.a. type-2 indication) to its child node(s)
Proposal 2: An IAB node does not consider the reception of type-2 indication over a backhaul as a failure of the backhaul between the node and its parent node. That is, upon reception of the type-2 indication, the IAB node does not initiate RRC re-establishment. 
Proposal 3: Support triggering a local re-routing upon receiving type-2 indication for an IAB node configured with DC. 
Proposal 4: Introduce the event of receiving type-2 indication as an execution condition of a conditional PCell mobility (CHO). 
Proposal 5: For an IAB node configured with the reception of type-2 indication as an execution condition for a conditional mobility, upon receiving a type-2 indication from a backhaul corresponding to a MCG, the IAB node initiates executes a conditional PCell change (CHO).
Proposal 6: Do not introduce the event of receiving type-2 indication as an execution condition of a conditional PSCell change. 

Type-4 indication related proposals
Observation 2: As of Rel-16, if IAB node is configured with CHO, reception of type-4 BH RLF indication via MCG can lead to execution of CHO during re-establishment. 
Observation 3: As of Rel-16, if T316 is configured for a fast MCG recovery, reception of type-4 BH RLF indication over MCG will initiate MCG failure information procedure. Then, the donor will take proper action to recover the failure.  
Observation 4: As of Rel-16, reception of type-4 BH RLF indication over SCG will initiate SCG failure information procedure. Then, the donor will take proper action to recover the failure.  
Proposal 7: Do not introduce the event of receiving type-4 indication as an execution condition of a conditional mobility.  

Type-3 indication related proposals
Proposal 8: Upon receiving type-3 indication, revert back to the original routing from the one resulting from local re-routing that is triggered upon type-2 indication, if previously triggered.  
Proposal 9: Do not introduce the event of receiving type-3 indication as an execution condition of a conditional PCell mobility (CHO) to revert back to the original topology. 
Others
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