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1. Introduction
The new work item on Integrated Access and Backhaul was approved in RAN#82 [1]. The WID states to specify the backhaul radio link failure (BH RLF) handling as one of objectives; 
	· Specification of an IAB-node following architecture 1a including [RAN2-led, RAN3]: 

· […]

· Hop-by-hop propagation of signalling to support low latency scheduling (e.g. TR 38.874 clause 8.6), BH RLF handling (e.g. TR 38.874 clause 9.7.14-15) and resource coordination across the multi-hop topology (e.g. TR 38.874 clause 7.3.3). 

· […]
· Specification of signalling for L2 transport and resource management [RAN2-led, RAN3, RAN1]:

· […]

· Specification of BH RLF handling (e.g. downstream BH RLF notification).


In this contribution, the initial consideration of BH RLF handling on top of the outcome from the study item is discussed. 
2. Discussion 
The TR identifies the issues due to BH RLF in multi-hop wireless backhauling in sections 9.7.14 and 9.7.15 [2]. The common issue among the sections is the child IAB nodes/ UEs are not aware of BH RLF at its parent IAB node, whereby the BH RLF may happen frequently in wireless backhauling with a higher frequency such as FR2 and/or multiple hopping. It results in a considerable service interruption including a late service recovery from the user’s perspective. 

To avoid such a bad user experience, the TR also identifies the potential solutions as follows [2]; 
· 9.7.14
Downstream notification of BH RLF in architecture 1a
· “Option 1: The IAB-node DU discontinues service. Consequently, the child nodes will also determine BH RLF and follow through the above procedures to recover.”

· “Option 2: The IAB-node DU explicitly alerts child IAB-nodes about the upstream RLF. Child IAB-nodes receiving this alert can forward the alert further downstream. Each IAB-node receiving such alert initiates BH-RLF recovery as discussed above.”

· “Option 3: Every IAB-node can regularly share information on, e.g., BH quality, to its child or parent IAB-nodes. In this manner, downstream or upstream RLF can be sensed without taking explicit actions.”

· 9.7.15
Efficient backhaul-link-failure recovery
· “Information can be provided to downstream IAB-nodes regarding backhaul failure including a list of nodes that cannot serve as parent nodes due to the backhaul failure.” (Option 4) 

· “Preparation of alternative backhaul links and routes in advance (i.e. before occurrence of RLF).” (Option 5) 
2.1. IAB node discontinues service (Option 1) 
Option 1 could be seen as a generic solution for the common issue, i.e., among sections 9.7.14 and 9.7.15, since the BH RLF information is implicitly propagated to the child IAB nodes and the UEs. Considering the BH RLF affects not only child IAB nodes but also UEs (that are connected to the parent IAB node which faces BH RLF), it’s an important aspect that Option 1 is supported by Rel-15 UEs since it’s expected to rely on the existing RLF and recovery mechanism, while the other options would require Rel-16 functionality. To minimize the service interruption even for Rel-15 UEs, Option 1 should be specified as the baseline solution for the BH RLF issue. 
Proposal 1 RAN2 should agree that Option 1, i.e., the IAB node discontinues service upon BH RLF, is the baseline solution since it is also effective for Rel-15 UEs. 
According to the description of Option 1, the solution should facilitate “the child nodes will also determine BH RLF”. Technically, the MT on the child IAB node and the UE should declare RLF, when the “service” is discontinued. The simple solution is the parent IAB node, which is under BH RLF, stops transmitting PSS, SSS, MIB and SIB1, whereby it intentionally creates radio problems [3] for the child IAB nodes and the UEs. 
Proposal 2 RAN2 should agree the IAB node stops transmitting PSS, SSS, MIB and SIB1, when it decides to discontinue its “service”. 
If Proposal 2 is agreeable, it should be strictly defined when the signals are stopped. Although it could be roughly understood from the TR that it’s at BH RLF, it’s unclear what the BH RLF is and when the “service” stops. Obviously, BH RLF could be viewed as the RLF between the MT on an IAB node and the DU of the IAB donor (e.g., DU on a parent IAB node). It could be exactly the same understanding with the existing RLF between the UE and the gNB. So, the BH RLF is just modelled as RLF on wireless backhaul link. 
Proposal 3 RAN2 should agree to reuse the existing RLF mechanism for BH RLF. 
If Proposal 3 is acceptable, it’s questionable whether the service should be really stopped upon RLF, because the current UE behaviour is to stay RRC Connected even after it declares RLF, i.e., in order to initiate RRC Re-establishment [3]. If the UE successfully re-establishes RRC connection, the service is recovered with minimum interruption time. So, it would be seen that the IAB node should stop the “service” only when its MT enters RRC IDLE, i.e., RRC Re-establishment fails. 
Proposal 4 RAN2 should agree that the DU on IAB node should stop its “service”, not when the MT declares RLF but when the MT enters RRC IDLE. 
As mentioned above, Option 1 is the basement to cover all kind of cases and devices including Rel-15 UEs, that does not mean the best solution e.g., in terms of quicker recovery of service. So, the other options are still beneficial on top of Option 1 and can be discussed as long as the time allows, since there is many other functionalities to be specified in this WI [1]. 
Observation 1 The other options on top of Option 1 is still beneficial in terms of further improvement of service quality. 
2.2. IAB node informs downstream nodes (Option 2, Option 4) 
It would be useful that the parent IAB node informs its child IAB nodes of information related to its BH RLF, since it facilitates the child IAB nodes to initiate a recovery procedure quickly and/or efficiently.  The TR captures the possible information elements such as “explicitly alerts child IAB-nodes about the upstream RLF” (in Option 2) or an information “regarding backhaul failure including a list of nodes that cannot serve as parent nodes” (in Option 4) [2]. 

However, it’s unclear how to provide such information to the child IAB node, in case the parent IAB node experiences BH RLF.  The study item concluded that “RAN-3 recommends architecture 1a for a future normative phase.” [2]. It means the IAB node is comprised of DU and MT, and the IAB donor is comprised of (DU and) CU, whereby CU is responsible of RRC between DU and CU [4] and the BH RLF is detected at RRC of MT [5]. So, there is two different RRCs to be considered; The RRC on MT in parent IAB node detects BH RLF, and the different RRC in IAB donor generates RRC message to be sent to the child IAB nodes.  
Considering the physical radio link is broken upon BH RLF, the information to the downstream nodes cannot be conveyed over RRC message, i.e., the RRC message generated by the CU cannot reach the DU due to BH RLF.  The “alert” (in Option 2) may be sent over e.g., MAC CE, but the “list of nodes” (in Option 4) may be too large and flexible unless using RRC message.  So, RAN2 should first discuss which signalling is used, if Option 2 and/or Option 4 is introduced. 
Observation 2 The DU on IAB node may not use RRC messages since the physical radio link to its CU is broken. 
It’s obvious that this information is provided as a Rel-16 function, which means it can be supported only between IAB nodes, i.e., not for Rel-15 UEs. 
Observation 3 Option 2 and Option 4 may only work for a recovery procedure in Rel-16 IAB nodes. 
2.3. Every IAB nodes regularly shares information (Option 3) 
Option 3 allows the IAB nodes to sense the BH RLF based on the information to be shared. The information captured in the TR is e.g., “BH quality” [2], which may or may not be the existing GNB-DU STATUS INDICATION on F1 [6], or may or may not be a new signalling between DUs.  In any case, it can be left up to other WG whether anything needs to be discussed. 
Observation 4 Option 3 may be out of RAN2 scope. 
2.4. Advanced preparation of alternative link (Option 5) 
Option 5 might be intended to utilize e.g., Multi-connectivity (with MN/SN role change), Conditional handover or some other technologies related to either normal topology adaptation or mobility enhancements. As stated in the TR that “It may leverage additional features/enhancements defined as part of other Rel-16 WIs”, Option 5 may reuse the outcome that is discussed in the other topics of this WI or the other WIs. 
Observation 5 Option 5 may reuse solutions that will be discussed in other topics of this WI or other WIs. 
3. Conclusion 
In this contribution, the initial consideration of BH RLF handling is discussed and the direction of baseline solution is suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should agree that Option 1, i.e., the IAB node discontinues service upon BH RLF, is the baseline solution since it is also effective for Rel-15 UEs.
Proposal 2
RAN2 should agree the IAB node stops transmitting PSS, SSS, MIB and SIB1, when it decides to discontinue its “service”.
Proposal 3
RAN2 should agree to reuse the existing RLF mechanism for BH RLF.
Proposal 4
RAN2 should agree that the DU on IAB node should stop its “service”, not when the MT declares RLF but when the MT enters RRC IDLE.
Observation 1
The other options on top of Option 1 is still beneficial in terms of further improvement of service quality.
Observation 2
The DU on IAB node may not use RRC messages since the physical radio link to its CU is broken.
Observation 3
Option 2 and Option 4 may only work for a recovery procedure in Rel-16 IAB nodes.
Observation 4
Option 3 may be out of RAN2 scope.
Observation 5
Option 5 may reuse solutions that will be discussed in other topics of this WI or other WIs.
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