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Introduction
[bookmark: _Ref178064866]This contribution discusses the criteria for detection of backhaul failure. Two types of backhaul link failures are considered, northbound backhaul failure and southbound backhaul failure. 
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As illustrated in the figure1, the node2 detects a failure of its backhaul link between the node2 and 3. From node2 perspective, the failure can be referred to as northbound backhaul failure. Then the node2 notifies the BH RLF to its child node, node3. In addition, node1 may detect the failure on the same backhaul. From node1 perspective, the failure can be referred to as southbound backhaul failure.  


Figure 1. BH RLF propagation in both directions, i.e. to descendants and to a donor. Node 2 detects a failure of northbound backhaul link (BH_12), and node1 needs to detect the same as southbound backhaul link failure.  

Detection of northbound backhaul failure 
We discuss how the node2 in the figure1 can declare failure of its northbound backhaul link (BH12). We start the discussion by reviewing the conditions that triggers re-establishment to recover from a fatal connection problem: 
· Radio link failure (RLF) occurrence of the MCG, due to PHY problem (via RLM), RA problem; or RLC problem 
· Re-configuration with sync failure of the MCG  
· Mobility from NR failure
· Integrity check failure indication from lower layers concerning SRB1 or SRB2
· RRC connection reconfiguration failure
We observe that some conditions among those are related to the failure on the concerned backhaul while others are more related to the failure of the end-to-end connection between the concerned IAB node and donor node. For example the above condition can be classified as follows:
· Backhaul-related problem indicator (local problem)
· RLF occurrence 
· E2E connection-related problem indicator (problem between donor and IAB node)
· Others (reconfiguration failure with/without sync, IP failure etc)
Upon RLF occurrence, it is very natural to declare northbound backhaul failure. Non-trivial question is whether we need to declare northbound backhaul failure when the current problem is more related to E2E connection problem. Regarding this question, we note that the following UE behaviours would be the same, i.e. attempting recovery via e.g. re-establishment, regardless of whether the detected problem is indicative of backhaul problem or E2E (or RRC) problem. Given this reasoning, we think all the conditions above can be used as criteria to declare northbound backhaul failure. Mobility-related conditions could be excluded from the criteria for the reason that mobility of IAB node is not currently considered in this release, but in principle there is no harm to take all the conditions for potential future use.
Proposal 1: The conditions that triggers re-establishments are reused as criteria to declare northbound backhaul failure. FFS whether mobility-related conditions can be reused. 

As a natural consequence of using the re-establishment triggering condition as criteria for northbound backhaul failure, the declaration of northbound backhaul failure should lead to re-establishment procedure. Just to clarify this, we make the following proposal. 
Proposal 2: If an IAB node detects a failure of northbound backhaul link, it triggers re-establishment.  
Extension to multi-carrier operations
Now we extend our discussion to multi-carrier operations including carrier aggregation and dual connectivity. There are two main considerations:
1) How to treat SCG failure 
2) How to treat MCG failure
Regarding the SCG failure, the current procedure is that UE initiates (SCG) failure information procedure upon SCG failure. The same approach can be applicable to IAB networks, i.e. if an IAB node detects SCG failure, it informs this event to its donor IAB node and follows the potential reconfiguration from the donor. In our view, the main usage of secondary path in IAB networks would be to provide supplementary/redundant path with better performance for a concerned traffic flow. More ambitious usage such as using the secondary path for dynamic routing via split bearer would extremely complicate overall packet stream processing in the IAB networks and hence would be prohibitive). 
Proposal 3: A failure of northbound SCG link of an IAB node is informed to donor node, as legacy UE. 
Regarding the MCG failure, we should note that under DC/CA WI, early MCG failure recovery mechanism is currently discussed. The motivation of early MCG failure recovery is as follows: upon MCG failure, we do not trigger re-establishment procedure but to rely on SCG to recover MCG via some mechanisms including reporting of MCG failure. This new functionality may affect the criteria on the failure of northbound backhaul and backhaul recovery mechanism as well. The decision here is whether we aim to incorporate early MCG failure recovery into IAB recovery mechanism or to exclude the new functionality from our scope of this release. We prefer not to exclude the new feature too early from our consideration and give the following proposal. 
Proposal 4: Consider early MCG failure recovery under R16 DC/CA as potential recovery mechanism applicable to IAB networks. 

Detection of southbound backhaul failure 
We discuss how node1 in the figure1 can detect southbound backhaul failure. The detection of southbound backhaul failure needs some considerations:
· RLM is not applicable for southbound backhaul since RLM for uplink is not currently specified (network implementation), 
· RA-triggered RLF criterion is not applicable since an IAB node does not perform RA on southbound backhaul 
· RLC-triggered RLF criterion is applicable only when an IAB node has data to transmit on southbound backhaul link, which is very likely in a normal case on day time. 
· Currently the RLC-triggered RLF criteria considers the number of RLC transmission to uplink, which is in the context of IAB networks to donor node. To make the similar criterion applicable to southbound backhaul, an IAB network needs to be configured with a separate parameter for RLC-triggered RLF criterion than that for northbound backhaul failure detection. 
Proposal 5: RLC-triggered RLF condition is reused as the criterion for southbound backhaul failure detection. 
Proposal 6: For RLC-triggered RLF criterion on southbound backhaul, a separate RLC max retx threshold is configured to an IAB node than that for northbound backhaul failure detection.  
Extension to multi-carrier operations
The above southbound backhaul failure detection criteria seems be extended to multi-carrier operations without any special treatment or modification.  
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This contribution discusses the criteria for detection of backhaul failure, presenting the following observations and proposals. 

Northbound backhaul failure 
Proposal 1: The conditions that triggers re-establishments are reused as criteria to declare northbound backhaul failure. FFS whether mobility-related conditions can be reused. 
Proposal 2: If an IAB node detects a failure of northbound backhaul link, it triggers re-establishment. 
Proposal 3: A failure of northbound SCG link of an IAB node is informed to donor node, as legacy UE. 
Proposal 4: Consider early MCG failure recovery under R16 DC/CA as potential recovery mechanism applicable to IAB networks. 

Southbound backhaul failure 
Proposal 5: RLC-triggered RLF condition is reused as the criterion for southbound backhaul failure detection. 
Proposal 6: For RLC-triggered RLF criterion on southbound backhaul, a separate RLC max retx threshold is configured to an IAB node than that for northbound backhaul failure detection.
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