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1. Introduction
In this contribution we discuss the limitations of the current BH RLF indication and propose potential enhancements. 
2. Discussion
2.1 Current BH RLF indication related procedure
The fig.1 illustrates the procedural flow around BH RLF events, where it is assumed that the node Y and Z have a single parent.  


Figure 1. Current procedural flow around BH RLF indications
If the node Y detects a PHY problem on the link_xy, it starts T310 (point a). If T310 expires (i.e. after spending T_ab), it declares RLF on the link x_y and initiates RRC re-establishment (point b). RRC re-establishment may end up with failure, spending the duration T_bc up to T310+311-. Then node Y sends BH RLF indication to its child node Z (point c), which take another t_tx duration. Upon reception of the indication, the node Z initiate a RRC-reestablishment procedure, spending another t_cd duration up to T310+311-. After the successful re-establishment (point d), the node Y receives RRC reconfiguration to properly configure its lower layers. The operations of node Y can be fully resumed only after the point e. 
During the duration [a, b], the service quality over the link between Y and Z would be very poor. During the duration [b, c], both downstream and upstream transmission are suspended between Y and Z. During the duration [c, d], both downstream and upstream are suspended between Z and W. This means that if node Z receives a packet from node W, it can forward the packet only after the point e, resulting in added delay (t_bc+t_cd+t_de) to the packet. Such amount of delays is unacceptable, and hence the entire packet flow passing through the failed links suffers from severe congestion and packet losses. In short, performance degradation abound BH RLF events is prohibitively severe. 
Observation#1: Topology adaptation based on the current BH RLF indication adds prohibitively delays.

2.2. BH RLF indication upon BH RLF detection (type1)
To reduce delay upon BH RLF, it is crucial to let the child node know the RLF event much earlier than now. To this purpose, we should introduce a new BH RLF indication that is triggered upon detection of BH RLF. 


Figure 2. Procedural flow around BH RLF events using type1 BH RLF indication
The figure 2 illustrates the procedural flow around BH RLF events using type1 BH RLF indication. If BH RLF indication is sent to node Z at the point b, the node Z can immediately start some early recovery action. If the node Z has dual parents, the node Z can perform local re-routing to circumvent the node Y. If the node Z has a single parent, it is possible to trigger early topology adaptation by conditional mobility or re-establishment. This would reduce the added delay from T_bc+T_cd to T’_bc. 
Proposal 1: Introduce a new BH RLF indication that is triggered upon detection of BH RLF (type1 BH RLF).
As discussed above, the subsequent behaviours (node Z) upon reception of type1 BH RLF should be defined. We consider the following are beneficial as subsequent actions:
· Local re-routing without changing the parent. This is applicable in case the node Z is connected to dual parents
· Early re-establishment to change the parent .This is for the case the node Z is connected to a single parent
· Conditional mobility to change the parent. This is for the case the node Z is connected to a single parent or dual parents.  
Proposal 2: To discuss the following actions performed by the IAB node upon reception of type1 BH RLF indication
· Local re-routing without changing the parent. This is applicable in case the node Z is connected to dual parents
· Early re-establishment to change the parent .This is for the case the node Z is connected to a single parent
· Conditional mobility to change the parent. This is for the case the node Z is connected to a single parent or dual parents.  

2.2.1 BH RLF indication upon recovery of BH RLF (type2)
Suppose that an IAB node declared BH RLF and has performed re-establishment. In case the re-establishment is successful, if the IAB node notifies the recovery success to its child nodes, the child nodes can resume using the backhaul toward the IAB node. 


Figure 3. Procedural flow around BH RLF events using type2 BH RLF indication
The figure3 illustrates the procedural flow of BH RLF events using type2 indication. At point b, the node Z stops using the BH_yz. Upon reception of type2 BH RLF indication at point b’’, the node Z can resume using the BH_yz. In case the node Z has performed local re-routing after the point b without topology adaptation (i.e. no parent change), the node may revert the re-routing such that the routing towards Y from Z is resumed. In case the node Z has performed a topology adaptation by changing its parent from Y to other node after the point b, the node may revert back to node Y as its parent. Reverting to the node Y based on is beneficial in that the topology is maintained as originally planned. 
Proposal 3: Introduce a new BH RLF indication that is triggered upon recovery from BH RLF
Again, the subsequent behaviours (node Z) upon reception of type2 BH RLF should be defined. We think the same mechanism in Proposal2 are all applicable to this.  
Proposal 4: To discuss the following actions performed by the IAB node upon reception of type2 BH RLF indication
· Local re-routing without changing the parent. This is applicable in case the node Z is connected to dual parents
· Early re-establishment to change the parent .This is for the case the node Z is connected to a single parent
· Conditional mobility to change the parent. This is for the case the node Z is connected to a single parent or dual parents.  

3. Conclusion 
In this contribution we discuss the limitations of the current BH RLF indication. We make the following observation. 
Observation#1: Topology adaptation based on the current BH RLF indication adds prohibitively delays.
To reduce the delays, we propose potential enhancements.
Proposal 1: Introduce a new BH RLF indication that is triggered upon detection of BH RLF.
Proposal 2: To discuss the following actions performed by the IAB node upon reception of type1 BH RLF indication
· Local re-routing without changing the parent. This is applicable in case the node Z is connected to dual parents
· Early re-establishment to change the parent .This is for the case the node Z is connected to a single parent
· Conditional mobility to change the parent. This is for the case the node Z is connected to a single parent or dual parents.  
Proposal 3: Introduce a new BH RLF indication that is triggered upon recovery from BH RLF
Proposal 4: To discuss the following actions performed by the IAB node upon reception of type2 BH RLF indication
· Local re-routing without changing the parent. This is applicable in case the node Z is connected to dual parents
· Early re-establishment to change the parent .This is for the case the node Z is connected to a single parent
· Conditional mobility to change the parent. This is for the case the node Z is connected to a single parent or dual parents.  
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