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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 several initial conclusions were achieved. And in this paper, we will further discuss remaining issues on radio link failure and recovery for backhaul link.

2 Discussion
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. As agreements from RAN2, 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
In the RAN2#105 meeting, it was agreed that a RLF notification at BH Link RLF should be indicated at least to downstream node(s). The discussions about what kind of notification and which nodes need to be notified, can refer to [2].
If a BH RLF notification is indicated to IAB node5/UE only upon the failure of RRC connection re-establishment, this means that the IAB node1 has definitely lost connectivity to the IAB donor, and cannot provide services to its downstream nodes. Therefore, the child IAB node/Rel16 UE can immediately consider this as RLF of the BH link towards IAB node1, and then perform RRC re-establishment towards another available serving node.
Proposal 1 Upon receiving the BH RLF notification, an IAB node/Rel16 UE triggers RLF and performs RLF recovery (e.g. RRC re-establishment).
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 2 During RRC Connection Reestablishment procedure, the IAB-MT should select a suitable cell which is capable for IAB access.
For the IAB node to perform BH RLF recovery, the RRC connection reestablishment procedure shown in section 8.7 of TS 38.401 can be taken as baseline. After the RRC re-establishment, the configuration of routing and bearer mapping may need to be updated in some cases, e.g. IAB node select a new parent node. We provide a simple TP for TS38.401 in appendix to achieve IAB node reusing the RRC reestablishment procedure of UE. 
While for the DC scenario, 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, where MCG failure can be indicated to the network via the SCG in order to reduce the time of interruption due to RRC re-establishment. In the case of IAB node multi-connectivity, IAB node can report SCG failure information via the MCG for the SCG link failure case just as the LTE DC and EN-DC, and 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 3 IAB node can report SCG failure information via the MCG for the SCG link failure case just as the LTE DC and EN-DC, and the fast MCG link recovery mechanism can be used as the baseline for IAB MCG link failure case instead of triggering RRC re-establishment.
During the RLF recovery, several actions related to routing and bearing mapping need to be updated. For the routing update, the related procedures includes establishment of new route, redirection of F1-U tunnels and F1-AP onto new route, and release of old route [3][4]. And BH RLC channels need to be established or modified in the new target path. In addition, bearer mapping rules also need to be configured along the new target-path between the migrating IAB-node and new IAB-donor DU via new parent node. And the configuration update for backhaul RLC channels along the old route need to be updated also. It needs to be mentioned that, these procedures are similar to the IAB migration, not only for RLF recovery.

Proposal 4 The routing update, BH RLC channel management and mapping rules configuration for IAB-node migration procedures are reused for BH RLF recovery.

3 Conclusion
In this paper, we discuss the issues and impacts related to BH RLF recovery, then have the following proposals:
Proposal 5 Upon receiving the BH RLF notification, an IAB node/Rel16 UE triggers RLF and performs RLF recovery (e.g. RRC re-establishment).
Proposal 6 During RRC Connection Reestablishment procedure, the IAB-MT should select a suitable cell which is capable for IAB access.

Proposal 7 IAB node can report SCG failure information via the MCG for the SCG link failure case just as the LTE DC and EN-DC, and 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 8 The routing update, BH RLC channel management and mapping rules configuration for IAB-node migration procedures are reused for BH RLF recovery.
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Appendix: TP for NR_IAB BL CR for TS 38.401
8.7 
RRC connection reestablishment

This procedure is used for the case that UE tries to reestablish the RRC connection, as shown in Figure 8.7-1. This procedure can also be used for an IAB node to perform backhaul link RLF recovery, in such case, the UE can be the MT functionality of an IAB node, the gNB-DU will be the DU functionality of a selected parent node and the gNB-CU will be the IAB donor CU. 
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Figure 8.7-1: RRC connection reestablishment procedure
1.
UE sends preamble to the gNB-DU. 
2.
The gNB-DU allocates new C-RNTI and responds UE with RAR.

3.
The UE sends RRCReestablishmentRequest message to the gNB-DU, which contains old C-RNTI and old PCI. 
4.
The gNB-DU includes the RRC message and, if the UE is admitted, the corresponding low layer configuration for the UE in the INITIAL UL RRC MESSAGE TRANSFER message and transfers to the gNB-CU. The INITIAL UL RRC MESSAGE TRANSFER message should include C-RNTI.
5.
The gNB-CU includes RRCReestablishment message and transfers to the gNB-DU. If the UE requests to re-establish RRC connection in the last serving gNB-DU, the DL RRC MESSAGE TRANSFER message shall include old gNB-DU UE F1AP ID.

6.
The gNB-DU retrieves UE context based on old gNB-DU UE F1AP ID, replaces old C-RNTI/PCI with new C-RNTI/PCI. It sends RRCReestablishment message to UE.
· NOTE:
For the IAB node perform BH RLF recovery case, if it connects to a new parent node, in step 6, the parent node DU only need to send RRCReestablishment message to UE.
7-8.
The UE sends RRCReestablishmentComplete message to the gNB-DU. The gNB-DU encapsulates the RRC message in UL RRC MESSAGE TRANSFER message and sends to gNB-CU. 
9-10.
The gNB-CU triggers UE context modification procedure by sending UE CONTEXT MODIFICIATION REQUEST, which may include DRBs to be modified and released list. The gNB-DU responses with UE CONTEXT MODIFICATION RESPONSE message.

9'-10'.
The gNB-DU triggers UE context modification procedure by sending UE CONTEXT MODIFICIATION REQUIRED, which may include DRBs to be modified and released list. The gNB-CU responses with UE CONTEXT MODIFICATION CONFIRM message.

· NOTE:
Here it is assumed that UE accesses from the original gNB-DU where the UE contexts are available for that UE, and either step 9-10 or step 9’ and 10’ may exist or both could be skipped.

· NOTE:
If UE accesses from a gNB-DU other than the original one, gNB-CU should trigger UE Context Setup procedure towards this new gNB-DU.

11-12.
The gNB-CU includes RRCReconfiguration message into DL RRC MESSAGE TRANSFER message and transfers to the gNB-DU. The gNB-DU forwards it to the UE. 

13-14.
The UE sends RRCReconfigurationComplete message to the gNB-DU, and gNB-DU forwards it to the gNB-CU.

· NOTE:
For the IAB node performs BH RLF recovery scenario, after the MT functionality finishing RRC connection re-establishment procedure, the routing and bearer mapping configuration along the path between the IAB node and the IAB donor CU may need to be updated.
· NOTE:
If the IAB node found the BH RLF recovery fail, it can send notification to its child node and all served Rel-16 UEs.
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