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1. Introduction
The work item on Integrated Access and Backhaul was approved in RAN#82 [1]. For the backhaul radio link failure (BH RLF) handling based on the outcome of study item (i.e., sections 9.7.14 and 9.7.15 in [2]), RAN2 reached the following agreements [3]; 
	· R2 assumes there is a RLF notification at BH Link RLF, at least to downstream node(s)

· Alternate Routes and/or Dual Connectivity (if agreed) could be utilised at recovery at a failure of a BH link. 

· Current UE RLF detection and recovery is reused as baseline
· FFS whether other indications are needed, e.g. when link has recovered, or when recovery is in progress


On top of the agreements, RAN2 had the email discussion to discuss the details of RLF notifications including one towards downstream nodes and another towards upstream nodes [4]. 
In this contribution, the remaining issues of BH RLF handling, especially focusing on RLF notification to downstream nodes, are discussed. 
Note: this contribution assumes the relationship that the “parent” node sends RLF notification to the “child” node(s). 
2. Discussion 
2.1. RLF notification and other indications  
It should be noted that the agreed “RLF notification” is a Rel-16 functionality, although Rel-15 UE can still be allowed to connect with IAB nodes as required in the TR [2]. To minimize the service interruption even for Rel-15 UEs, the IAB node should stop transmitting SSB (PSS, SSS and PBCH) when it fails to recover the backhaul link. Because it’s obvious the IAB node cannot continue the service without backhaul link and also It intentionally creates radio problems [5] for Rel-15 UEs. 
Observation 1 The agreed “RLF notification” cannot work for Rel-15 UEs. 
Proposal 1 RAN2 should agree the IAB node stops transmitting SSB, when it fails to recover the backhaul link. 
Proposal 1 also implies the IAB node may continue to provide service up until the time when the backhaul link fails to recover.  Then it should be further considered if it’s worth notifying the downstream MTs/UEs about the backhaul link status such as “FFS whether other indications are needed, e.g. when link has recovered, or when recovery is in progress” [3]. However, it’s not necessary to specify any “other indication” if the RLF notification is repeated to be sent during BH RLF, i.e., if there is no RLF notification sent then no BH RLF happens or already recovered; otherwise, the backhaul link recovery is in progress. So, the question is whether to send the RLF notification repeatedly during BH RLF. 
Proposal 2 RAN2 should agree that the RLF notification is sent repeatedly during BH RLF. 
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Figure 1
 Example of overall signalling flow (worst case)
2.2. MT/UE behaviour upon reception of RLF notification 
2.2.1. RRC Connected 
During BH RLF happens at the parent IAB node, it’s obvious the uplink data cannot from the child IAB nodes/UEs cannot reach the IAB donor. If the uplink transmission continues, it could cause unnecessary problems such as power consumption at the child IAB node/UEs, risk of buffer overflow at the parent IAB node and interference in the network. So, the child nodes/UEs should abstain from SR transmission at least for new data transmission. 
Proposal 3 RAN2 should agree that the MT/UE stops uplink signal, i.e., SR for data transmission, upon reception of RLF notification. 
While the RLF notification is sent when the parent IAB node experiences RLF at its backhaul link, its access link could be still good, i.e., RLF does not happen at the link between the parent IAB node and the child IAB node/UEs. Since RAN2 agreed that “Current UE RLF detection and recovery is reused as baseline” [3], the child node/UE does not declare RLF and thus does not trigger RLF notification in this case.  
If the reception of RLF notification triggers the existing RLF as an additional rule, it further triggers the RLF notification transmission to downstream nodes, and it’s propagated among the IAB topology immediately. It makes all IAB nodes to initiate RRC Reestablishment at the same time and may break the IAB topology. So, the reception of RLF notification does not trigger RRC Reestablishment. 
Proposal 4 RAN2 should agree that the MT/UE neither declares RLF, including the initiation of RRC Reestablishment, nor triggers RLF notification transmission, upon reception of RLF notification. 
2.2.2. RRC IDLE 
Another aspect is the MT/UE behaviour in RRC IDLE. If Proposal 3 is agreeable, it’s quite straight forward that the IDLE mode MT/UE should abstain to initiate RRC Setup Request to the parent IAB node which experiences BH RLF, whereby it could be seen as a kind of access barring [6]. Even if the RRC Setup Request message is transmitted, it cannot be transferred to the IAB donor (i.e., the CU having peer RRC entity) due to BH RLF, and the procedure fails at the end. 
Proposal 5 RAN2 should agree that the MT/UE in RRC IDLE should abstain to initiate RRC Setup Request to the parent IAB node sending RLF notification. 

The question is how the cell reselection process handles the BH RLF, i.e., whether or not the parent IAB node sending BH RLF is a candidate cell for reselection. If the BH RLF can be recovered within a short time then such an optimization is not necessary; otherwise, it may cause bad user experience since the MT/UE cannot establish RRC connection on the cell without BH link in the end. 
Proposal 6 RAN2 should discuss whether the MT/UE in RRC IDLE can reselect the parent IAB node sending RLF notification. 

2.3. Consideration of Dual connectivity cases 
Dual connectivity is one of complicated scenarios, while RAN2 agreed “Alternate Routes and/or Dual Connectivity (if agreed) could be utilised at recovery at a failure of a BH link” [3].  It could be categorized with two cases, the parent has dual connection (i.e., Case 1 in Figure 2) and the child has dual connection (i.e., Case 2 in Figure 2). 
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Figure 2
  Dual connectivity cases
2.3.1. Case 1 (Parent is configured with DC) 
In Case 1, RLF notification may be triggered by either MCG RLF or SCG RLF.  
For EN-DC (i.e., C-plane is on LTE Uu), MCG is not expected to be used for backhaul link as RAN2 agreed that “For IAB node using EN-DC, from BAP and backhaul RLC channels point of view, this is a single link deployment (BAP route only by NR link)” [7]. So, even if RLF happens only on the SCG link, it should be considered as BH RLF from the IAB topology point of view. It also means the RLF notification should be sent by the parent IAB node upon the SCG RLF. 
Observation 2 For the IAB node configured with EN-DC, SCG RLF should trigger RLF notification. 
On the other hand, for NR-DC, the backhaul link may be configured on either SCG-only or on both SCG and MCG. Needless to say, the former case (BH on SCG-only) is the same with the EN-DC case.  For the latter case (BH on both MCG and SCG), it’s obvious that SCG RLF does not trigger RLF notification, but it’s questionable whether MCG RLF always triggers RLF notification. 
In the current specification [6], the UE stops UL transmission to SCG upon MCG RLF (“suspend all RBs, except SRB0” upon RRC Reestablishment), whereby it could be considered as BH RLF. On the other hand, SCG link quality may be still good even MCG RLF happens and potentially continues to be used for robust backhaul. So, the current principle regarding the stopping of the UL transmission may need to be revisited depending on whether the SCG link should be used when the MCG link fails, e.g., the fast MCG link recovery mechanism discussed in DCCA WI [8]. 
Observation 3 For the IAB node configured with NR-DC and BH is only on SCG, SCG RLF will trigger RLF notification (as same with Observation 2). 
Proposal 7 RAN2 should agree that SCG RLF triggers RLF notification, if the backhaul link is configured only with SCG (i.e., EN-DC and NR-DC with SCG-only backhauling). 

Proposal 8 RAN2 should agree that MCG RLF always triggers RLF notification. 
Observation 4 The current principle regarding the stopping of the UL transmission may need to be revisited, if SCG link is used when MCG RLF; It’s expected to be discussed for the fast MCG link recovery in DCCA WI. 
2.3.2. Case 2 (Child is configured with DC) 
In Case 2 the two parent IAB nodes are available for backhaul link due to Dual Connectivity from the child IAB node point of view. So, the question is which parent IAB node sends RLF notification upon its BH RLF.  One approach is that MCG always sends RLF notification regardless whether BH RLF happens at the backhaul link associated with MCG (i.e., MN) or SCG (i.e., SN). It might make sense since MCG has C-plane connection with the child IAB node. However, it means SCG (SN) has to inform MCG (MN) of its BH RLF, whereby it may not always assume the inter-node connection is available under BH RLF (see Figure 2). 
So, it’s simpler that RLF notifications at MCG and SCG are separated, i.e., MCG only sends RLF notification upon its BH RLF and SCG just sends RLF notification upon its BH RLF. It could be facilitated if MAC CE is used for RLF notification since two separate MACs are configured for each CG under Dual Connectivity. 
Proposal 9 RAN2 should agree that RLF notification may be sent by either MCG or SCG, over MAC CE. 

On the other hand, when the child IAB node receives RLF notification from SCG, it stops UL transmission to SCG if Proposal 3 is acceptable. It could be actually seen as a kind of SCG failure and the child IAB node may expect the MCG to do the topology adaptation, e.g., Secondary Node Change [1]. However, depending on IAB topology, if the SCG’s BH link fails, the MCG may not know that the SCG’s BH link is broken (at least temporarily); therefore, it wouldn’t be able to take the proper action. So, it should be considered if the child node could notify the MCG when it receives RLF notification from the SCG, e.g., via Failure Information or SCG Failure Information [6]. 
Proposal 10 RAN2 should discuss whether the MT/UE is allowed to notify the MCG if it receives RLF notification from the SCG. 
3. Conclusion 
In this contribution, the details of BH RLF handling is discussed and the remaining issues are suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
The agreed “RLF notification” cannot work for Rel-15 UEs.
Proposal 1
RAN2 should agree the IAB node stops transmitting SSB, when it fails to recover the backhaul link.
Proposal 2
RAN2 should agree that the RLF notification is sent repeatedly during BH RLF.
Proposal 3
RAN2 should agree that the MT/UE stops uplink signal, i.e., SR for data transmission, upon reception of RLF notification.
Proposal 4
RAN2 should agree that the MT/UE neither declares RLF, including the initiation of RRC Reestablishment, nor triggers RLF notification transmission, upon reception of RLF notification.
Proposal 5
RAN2 should agree that the MT/UE in RRC IDLE should abstain to initiate RRC Setup Request to the parent IAB node sending RLF notification.
Proposal 6
RAN2 should discuss whether the MT/UE in RRC IDLE can reselect the parent IAB node sending RLF notification.
Observation 2
For the IAB node configured with EN-DC, SCG RLF should trigger RLF notification.
Observation 3
For the IAB node configured with NR-DC and BH is only on SCG, SCG RLF will trigger RLF notification (as same with Observation 2).
Proposal 7
RAN2 should agree that SCG RLF triggers RLF notification, if the backhaul link is configured only with SCG (i.e., EN-DC and NR-DC with SCG-only backhauling).
Proposal 8
RAN2 should agree that MCG RLF always triggers RLF notification.
Observation 4
The current principle regarding the stopping of the UL transmission may need to be revisited, if SCG link is used when MCG RLF; It’s expected to be discussed for the fast MCG link recovery in DCCA WI.
Proposal 9
RAN2 should agree that RLF notification may be sent by either MCG or SCG, over MAC CE.
Proposal 10
RAN2 should discuss whether the MT/UE is allowed to notify the MCG if it receives RLF notification from the SCG.
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