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Introduction
The IAB WID RP-182882 states the following tasks with respect to link failure (LF) recovery (taken from several detailed WID objectives):
· Hop-by-hop propagation of signalling to support backhaul link failure handling. 
· Specification of IAB-node migration underneath the same IAB-donor (with or without a change of IAB-donor DU), and between different IAB-donors. 
· Specification of BH link failure handling.
This paper discusses the issue of IAB node recovery from LF and proposes a procedure for upstream connectivity re-establishment. The accompanying CR to TS 38.401 is presented in R3-190364.
Discussion
The process of IAB node recovery from LF may be divided into two phases:
· Phase 1: The IAB node sends LF notification/status indication to child nodes.
· Phase 2: The affected IAB nodes may execute connectivity re-establishment measures.
The contribution R2-1901386 discusses the Phase 1, i.e. the issue of LF notification, and proposes the signalling to enable an IAB node to signal to its children/parent nodes the following three status indications that can be carried in the Adaptation layer header:
A. The IAB node has experienced a backhaul link failure and is in the process of recovering from the failure
· Action required: the child nodes of the IAB node should (until further notice) throttle their UL traffic and stop the transmission of scheduling requests to the IAB node. The parent node of an IAB node that lost a connection to its child node should throttle their DL traffic towards the IAB node.
B. The IAB node has recovered from the backhaul link failure (e.g. by establishing link to another parent)
· Action required: the child nodes of the IAB node should resume with normal operation.
C. The IAB did not succeed in recovering the backhaul link (e.g. it is taking too long time)
· Action required: the child nodes of the IAB node should start searching for another parent (e.g.  according to legacy RRC re-establishment procedure).
It should be noted that since the RRC is terminated at the IAB-donor CU, the IAB-node that has detected a backhaul link failure can not trigger a handover of its child nodes to another IAB-node. 
Assuming the example IAB topology from Figure 1, the node IAB2 lost connection with its parent node IAB1, and it may send to its child nodes IAB3-5 one or more of the above 3 indications.
As a complement to R2-1901386, this paper discusses the LF recovery process (before or during Phase 1 for the parent IAB node that experienced backhaul link failure to find an alternate parent and during Phase 2 where the children nodes are trying to find an alternate parent). The IAB node that has lost upstream connectivity due to LF on its parent link will determine the LF via the existing RRC mechanism. Meanwhile, the parent node of the IAB node that has experienced the backhaul link failure (e.g. IAB1 in Figure 1) may be able to detect the LF based on implementation. 
In the context of the example from Figure 1, this paper discusses the steps that IAB2 node needs to take pertaining to the Indication A (i.e. node IAB2 notifies its child nodes that is in the process of re-establishing connectivity), or the steps that nodes IAB3-5 need to take pertaining to the Indication C (s the children should try to reconnect to another parent). In other words, the proposed solution applies to both the IAB nodes that have lost their immediate upstream connectivity due to LF on their link to their parent, and the IAB nodes that have been instructed by their parent IAB node to reconnect to another parent, even though their immediate upstream connectivity could be in an excellent condition.
The IAB node detecting a backhaul link failure cannot trigger the handover of its child nodes to another node, as the RRC is terminated at the IAB-donor CU. 

The backhaul link recovery procedure can be triggered by:
· A detection of LF on the backhaul link 
· A reception of an indication from a parent node, indicating the parent node has experienced a backhaul link and was not able to recover it (e.g. it is taking too long time).





Figure 1: An example of an LF scenario in an IAB network
General steps of upstream connectivity re-establishment
A general sequence of actions for upstream connectivity re-establishment may be as follows (for the case where the IAB node re-establishes connectivity towards an IAB node that is connected to the same IAB-donor):
1. After detecting a new parent node candidate, the IAB node will perform the Random Access procedure and send the RRCReestablishmentRequest.
2. The new candidate parent (another IAB node or the donor DU) forwards the RRCReestablishmentRequest to the IAB-donor gNB-CU over F1, by means of the existing UL RRC Message Transfer procedure (as described in Clause 8.7 of TS 38.401).
3. The IAB-donor CU realizes that the RRCReestablishmentRequest originates from an IAB node that has previously lost upstream connectivity and does the following:
· Determines the new path towards the IAB node and updates its routing information,
· Configures the intermediate nodes on the new path with the forwarding information,
· Configures backhaul RLC channels for the new path towards the IAB node (as proposed in our related contribution R3-190357),
· [bookmark: _GoBack]Notifies the old parent and intermediate nodes on the old route about the topology change and releases the IAB node context from the old parent.
Signalling flow and detailed steps of upstream connectivity re-establishment
The backhaul recovery procedure, where the IAB node that has a failed backhaul link manages to re-establish a connection with an another IAB node that is also connected to the same IAB donor is shown in Figure 2. The accompanying CR to TS 38.401 is presented in R3-190363.
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Figure 2: Backhaul LF recovery procedure in an IAB network, successful case
The procedure contains the following steps:
1. The IAB node (IAB-node 2) detects a backhaul LF. This could also be triggered by the reception of an indication from a parent node to the parent node has experienced a backhaul failure and was not able to recover the link (as proposed in our related contribution R2-1901386).
2. The IAB node (IAB-node 2) may inform its child IAB nodes (e.g. IAB-node 3) that it has experienced backhaul LF and it has started link recovery procedure.
3. The child IAB node (IAB-node 3) will pause UL transmission towards the parent. This includes stopping the transmission on any already available UL grants (e.g. that were configured via configured grants), stopping the transmission of scheduling requests, and may stop any protocol timers or processes that may lead to loss of data.
FFS: The exact actions pertaining to Step 3. at the child IAB-node upon reception of backhaul link failure indication from a parent IAB-node. This may be left to implementation.
4. The IAB node (IAB-node 2) initiates the RRC connection re-establishment procedure, according to subclause 8.7 of TS 38.401, and steps 1-8 are performed (i.e. until the reception of the F1-AP RRC Message Transfer message at the IAB-donor-CU that includes the RRCReestablishmentComplete message from the UE).
5. The IAB-donor CU initiates an F1-AP UE context modification procedure towards the IAB-donor DU to configure the new forwarding/mapping information to use for forwarding UP and CP data towards the IAB-node (IAB-node 2) and (optionally) set up/modify backhaul RLC channels between IAB-donor DU and the new parent (IAB-node 1’).
6. The IAB-donor CU may initiate an RRC reconfiguration procedure towards the new parent node (IAB-node 1’), in case some backhaul RLC channels have to be reconfigured or added to enable IAB-node 1’ to serve as a parent of the IAB-node (IAB-node 2).
NOTE: Steps 5 and 6 will be performed for any intermediate IAB-node between the IAB-donor DU and the new parent node.
7. The IAB-donor CU initiates an F1-AP UE context modification procedure towards the new parent (IAB-node 1’) to setup backhaul RLC channels and to configure the new forwarding/mapping information to use for forwarding UP and CP data towards the IAB-node (IAB-node 2).
8. The IAB-donor CU initiates an RRC reconfiguration procedure towards the IAB node (IAB-node 2) to set up the needed backhaul RLC channels towards the new parent (IAB-node 1’).
9. The IAB node (IAB-node 2) may inform its children nodes that the backhaul link has recovered. 
10. The child IAB node (IAB-node 3) resumes normal UL transmission operation. This includes restarting the transmission on any already available UL grant (e.g. that were configured via configured grants), the sending of scheduling requests, and resuming the usage of all protocol timers or processes that were stopped during step 4.
11. The IAB donor-CU initiates the F1-AP UE context release procedure to release the F1 context of the IAB node (IAB-node 2) at the old parent node (IAB-node 1). 
It should be noted that the procedure is propose under the assumption that the IAB-node manages to re-establish the upstream connectivity and retains the same IP address. In that case, the only action required from the IAB-donor is to update the forwarding configuration, which can be executed by the procedure proposed in R3-190357. The case where the IAB-node is assigned a new IP address after re-establishing the connectivity are FFS.
Proposal: Agree to the procedure for IAB node upstream connectivity re-establishment, proposed in the accompanying CR to TS 38.401 (R3-190364).
Conclusion
[bookmark: _In-sequence_SDU_delivery]This paper discusses recovery from radio link failure for IAB nodes and proposes a procedure for upstream connectivity re-establishment for IAB nodes. The following is proposed:
Proposal: Agree to the procedure for IAB node upstream connectivity re-establishment, proposed in the accompanying CR to TS 38.401 (R3-190364).
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