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1 Introduction
In the RAN2 #105 meeting [1], several agreements were made for RLF.

	· 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


During last RAN2 meeting, an email discussion for RLF was triggered and following initial observations and proposals were achieved.
And in this paper, we will provide further discussion on the following aspects.

· BH RLF notification(which nodes to notify and what kind of notification)

· RLF detection and recovery in case of dual-connectivity
· BAP layer handling at BH RLF
2 Discussion
2.1 BH RLF notification

As shown in figure 1, when IAB node1 had detected a RLF of the BH link between IAB node1 and IAB node2, it initiates an RRC connection re-establishment procedure to recover the BH link. The current UE RLF detection and recovery procedure can be reused as a baseline for the IAB node procedure. Further details about the specifics of BH RLF are discussed below.
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Figure 1. Example for RLF in backhaul link
Which nodes to notify

In RAN2#105 meeting, it was agreed that a RLF notification at BH Link RLF should be indicated at least to downstream node(s), while whether to notify to other node, e.g. IAB donor, descendant IAB nodes and UE, needs further discussion, based on the conclusion from the email discussion, there is no need to send the notification to descendant IAB nodes and F1-AP signalling is already supported for reporting to donor CU.
When a RLF occurs at a BH link, donor should be made aware of this, in order to avoid downlink data congestion. However, the specification of a flow control mechanism (at least for the downlink direction) was already agreed as an objective of the WID for user plane management. And if the purpose is to inform CU-CP in order to update routing table, the existing MCG-RLF/SCG-RLF report (for DC) or RRC re-establishment can already achieve this purpose. Therefore, reporting BH congestion and current RLF recovery procedures are sufficient to inform the donor of situation at the parent IAB node, and hence an additional indication to specifically inform the upstream nodes of the RLF may not be needed. 
Observation 1: Reporting BH congestion and current RLF recovery procedures are sufficient to inform donor CU of situation at the parent IAB node both for UP and CP.
Proposal 1: There is no need to introduce other type’s upstream BH RLF notifications.
As concluded in the email discussion, some BH RLF indication should be sent to at least IAB nodes. As for Rel-15 UEs, since IAB should not introduce non-backward compatible changes, and the IAB-node DU can only discontinue services by network implementation, e.g. shutting down the cell. Consequently, Rel-15 UEs can detect a RLF and reselect to other cells. Rel-16 UEs should make use of the RLF notification form an IAB node, in a manner similar to other IAB nodes.
Observation 2: Discontinuity of service from the IAB node DU is sufficient to trigger RRC reestablishment or reselection for Rel15 UEs. And the details can be left to IAB node implementation. 

Proposal 2: The BH RLF notification is indicated to child IAB nodes and Rel16 UEs served by the IAB node.
What kind of notification

It was agreed that a RLF notification at BH Link RLF should be indicated at least to downstream node(s). And according to the conclusion from email discussion, Type 4 only or Type 4x only upon RLF recovery failure was supported by most of the companies. Whether other indications are left FFS. 

As for the Type 1 and Type 2 notifications upon the RLF detection, the child IAB node5/Rel. 16 UE may perform a cell search and measurements in order to find a candidate target serving node, and prepare in case of re-establishment failure at the parent node. However, cell search/measurement operation itself may impact the ability of the child IAB node to receive further notification about the result of re-establishment, and the duration of re-establishment and cell search/measurement processes need to be further evaluated and compared. While for Type 3 notification, since Type 3 notification is combined with Type 1 or Type 2 notification, then whether to introduce it is based on the result of Type 1 or Type 2 notification.
What is important is that RAN2 should first discuss the behavior of the downstream nodes upon receiving the notification. At least, recovery failure of the parent link should be indicated to child IAB nodes, then child node can perform RLF procedure. While other indications can be considered as supplements. Then based on the agreed behaviors of downstream nodes, the need for other notifications can be discussed if appropriate.

Proposal 3: RAN2 should focus on the IAB behaviors upon receiving the BH RLF indication, rather than when the parent node sending the BH RLF indication.
Proposal 4: Only one BH RLF indication is defined, and upon reception of this indication IAB MT should perform normal RLF procedure if IAB node is not configured with dual connectivity. When to send the BH RLF notification is left to IAB node implementation.
2.2 RLF detection and recovery in case of dual-connectivity
Based on the discussion from LTE DC and EN-DC, the UE shall initiate RRC re-establishment if a RLF is detected for the MeNB, while the UE reports SCG failure information via the MCG instead of RRC re-establishment in the case of SCG failure. However, a fast MCG link recovery mechanism had been discussed in the eDCCA topic to reduce interruption time for MCG RLF.
In the case of IAB node multi-connectivity, the IAB node can report SCG failure information via the MCG for the SCG link failure case just as with LTE DC and EN-DC. Furthermore, the fast MCG link recovery mechanism can be used as the baseline for the IAB MCG link failure case instead of triggering RRC re-establishment.

Observation 3: The fast MCG link recovery mechanism can be used as the baseline for IAB MCG link failure case instead of triggering RRC re-establishment. 
In the current DC, SCG-RLF is detected only by considering the access link. However, in an IAB network, there will be potentially multiple links in the MCG or SCG path of the IAB MT or UE, which may include the access link and several backhaul links. If any link among the access link and the backhaul links experiences a RLF, the whole path in that the corresponding CG is not available. When an IAB node is configured with dual connectivity, and its parent node detects an upstream backhaul link RLF, the parent node will send a BH RLF notification towards the IAB node triggering RLF recovery at the IAB node, as discussed previously. Consequently, in this scenario, the IAB MT should report SCG failure information to the MCG.

Proposal 5: IAB node will trigger a SCG (or MCG) failure report via MCG (or SCG), after receiving a BH RLF notification from its parent node in the SCG (or MCG) path, if the IAB node is configured with dual connectivity.
2.3 BH link RRC re-establishment
BAP layer handling at BH RLF recovery
At RAN2#105 meeting, it was already agreed that current UE RLF detection and recovery is reused for IAB node as baseline. That is to say, similar to UE, as long as RLF is detected in non-DC case or RLF is detected for MCG link in DC case, IAB node MT will initiate the RRC re-establishment procedure for RLF recovery. 

As mentioned in [3], upon initiation of the RRC re-establishment procedure, UE shall suspend all RBs except SRB0. After successful completion of the RRC re-establishment procedure, the UE will resume SRB2 and DRBs that are suspended when it receives an RRCReconfiguration message. However, different with UE, a new defined BAP layer is introduced for IAB node on BH link. Therefore, the impact of BH RLF on the BAP layer needs to be clarified. 

	5.3.7
RRC connection re-establishment

….

Upon initiation of the procedure, the UE shall:
1>
stop timer T310, if running;
1>
stop timer T304, if running;
1>
start timer T311;
1>
suspend all RBs, except SRB0;
1>
reset MAC;
1>
release the MCG SCell(s), if configured;
1>
release spCellConfig, if configured;
…

5.3.5.3
Reception of an RRCReconfiguration by the UE

…
2>
if this is the first RRCReconfiguration message after successful completion of the RRC re-establishment procedure:
3>
resume SRB2 and DRBs that are suspended;
…


To align with the current mechanism in NR, the BAP layer of IAB node also needs to be suspended upon initiation of the RRC re-establishment procedure. However, different with UEs, the IAB node that has detected BH link failure with its parent may also have child IAB nodes, so it is reasonable for the IAB node to continue sending the received DL packets to child IAB nodes, since the BH link with child node is fine. In this case, the BAP layer of the IAB node may not be suspended on DL, i.e. only the operations at MT side are suspended but the operations at DU side is not suspended.  

Proposal 6: Upon initiation of the RRC re-establishment procedure, the BAP operations needs to be suspended both for DC and non-DC. FFS on whether only to suspend the operations of MT towards its parent node or both operations of MT and DU. 
IAB cell selection during the RRC connection reestablishment
During BH RLF recovery, the IAB-node performs the RRC connection reestablishment procedure. During this procedure, the IAB-MT should perform a cell selection procedure in order to select a suitable cell for RRC connection reestablishment. Different from a normal UE, the IAB-MT should select a cell which is capable of supporting IAB access. For example, the IAB-MT should select a cell which allows IAB access for RRC connection reestablishment, otherwise the BH RLF recovery shall also fail.
Proposal 7: During RRC Connection Reestablishment procedure, the IAB-MT should select a suitable cell which is capable for IAB access both for DC and non-DC.
3 Conclusion
In this paper, we discuss the issues and impacts related to BH RLF and propose:
Observation 1: Reporting BH congestion and current RLF recovery procedures are sufficient to inform donor CU of situation at the parent IAB node both for UP and CP.

Observation 2: Discontinuity of service from the IAB node DU is sufficient to trigger RRC reestablishment or reselection for Rel15 UEs. And the details can be left to IAB node implementation. 
Observation 3: The fast MCG link recovery mechanism can be used as the baseline for IAB MCG link failure case instead of triggering RRC re-establishment. 

Proposal 1: There is no need to introduce other type’s upstream BH RLF notifications.
Proposal 2: The BH RLF notification is indicated to child IAB nodes and Rel16 UEs served by the IAB node.

Proposal 3: RAN2 should focus on the IAB behaviors upon receiving the BH RLF indication, rather than when the parent node sending the BH RLF indication.

Proposal 4: Only one BH RLF indication is defined, and upon reception of this indication IAB MT should perform normal RLF procedure if IAB node is not configured with dual connectivity. When to send the BH RLF notification is left to IAB node implementation.
Proposal 5: IAB node will trigger a SCG (or MCG) failure report via MCG (or SCG), after receiving a BH RLF notification from its parent node in the SCG (or MCG) path, if the IAB node is configured with dual connectivity.
Proposal 6: Upon initiation of the RRC re-establishment procedure, the BAP operations needs to be suspended both for DC and non-DC. FFS on whether only to suspend the operations of MT towards its parent node or both operations of MT and DU. 

Proposal 7: During RRC Connection Reestablishment procedure, the IAB-MT should select a suitable cell which is capable for IAB access both for DC and non-DC..
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