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1 Introduction
During the study item phase, the BH RLF recovery was discussed including following aspects:
-
Principle steps of BH RLF recovery; 
-
Downstream notification of BH RLF;
-
Efficient backhaul-link-failure recovery.

This paper provides further discussion on these aspects.

2 Discussion
2.1
Principal steps of BH RLF recovery 
There are three scenarios of backhaul RLF and subsequent recovery:
-
Scenario 1: Recovery via an existing backup BH link;

-
Scenario 2: Recovery via a newly established BH link using the same IAB-donor;

-
Scenario 3: Recovery via a newly established BH link using a different IAB-donor CU.
Considering all above scenarios, there are several issues need to be discussed:
· IAB-MT’s radio link failure detection;

· IAB-MT’s RRC Connection Reestablishment procedure;

· Establishment of new route (Step A in the Figure 9.7.13-4)

· Redirection of F1-U tunnels and F1-AP onto new route or IAB-node integration procedure (Step B or Step B');

· Release of old route.

IAB-MT’s radio link failure detection
Currently, UE detects Uu RLF in NR as long as one of the following conditions are met:

-
Upon T310 expiry (UE starts timer T310 upon receiving N310 consecutive “out-of-sync” indications from lower layers);
-
Upon random access problem indication from MAC;
-
Upon indication from RLC that the maximum number of retransmissions has been reached.
In last RAN2 meeting, it was agreed that only hop-by-hop ARQ is supported in Rel-16 and there are no any special requirements identified yet. Therefore, the existing RLF detections can also be taken as the baseline for backhaul link.

Proposal 1 The existing RLF detection mechanisms of UE access link are taken as the baseline for backhaul link.
IAB-MT’s RRC Connection Reestablishment

In NR, the UE shall initiate the RRC connection re-establishment procedure upon detecting Uu RLF. This mechanism can also be reused for BH RLF recovery. As shown in figure 1, when IAB node1 is subject to RLF, the MT part of IAB node1 initiates RRC connection re-establishment as a normal UE. For example, the MT part of IAB node 1 starts timer T311, suspends all RBs and RLC channels, performs cell selection process. When a suitable cell of IAB node 3 is selected, the MT part of IAB node 1 shall initiate transmission of the RRCRestablishmentRequest to IAB donor via IAB node3. Some enhancements could be needed for efficient backhaul-link-failure recovery, which is discussed in the section 2.3.
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Figure 1. Example for RLF in backhaul link

Proposal 2 The existing RRC Connection Reestablishment procedure of UE access link is taken as the baseline for backhaul link.
Routing Update
The routing update related procedures includes establishment of new route (Step A in the Figure 9.7.13-4); Redirection of F1-U tunnels and F1-AP onto new route or IAB-node integration procedure (Step B or Step B'); and Release of old route (Step C). However, these procedures are common procedures for topology integration and migration, not only for RLF recovery.
Proposal 3 The Routing update and IAB-node integration procedures are reused for BH RLF recovery.

2.2
Downstream notification of BH RLF
During the study item phase, the downstream notification of BH RLF was discussed. Upon the BH RLF detection, it could be beneficial to inform the downstream IAB nodes to suspend UL transmissions (e.g. RACH, SR/BSR). And if the BH RLF cannot be recovered swiftly, it may also be beneficial to release backhaul connectivity to descendant IAB-nodes so that they themselves can seek means to recover from the BH RLF. For this purpose, three options may be considered:

-
Option 1: The IAB-node DU discontinues service. Consequently, the child nodes will also determine BH RLF has occurred 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.

Option 2 seems the most efficient way and enables a faster BH RLF recovery for the downstream RLF with the smallest interruption time. However, there are several issues that need further discussion, e.g. when the explicit alert is sent in which type of signalling should be used, the behaviour of IAB-MT receiving the alert e.g. how to handle UL transmissions, etc.

Proposal 4 It is beneficial that the IAB-node DU explicitly alerts child IAB-nodes about the upstream RLF. The details of the explicit alert is FFS.
2.3
Efficient backhaul-link-failure recovery
During BH RLF recovery, the IAB-MT 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, BH RLF recovery, the IAB-MT should select a cell which allows IAB access for RRC connection reestablishment, otherwise the BH RLF recovery shall fail.
Proposal 5 During RRC Connection Reestablishment procedure, the IAB-MT should select a suitable cell which is capable for IAB access
3 Conclusion
In this paper, we discuss the issues and impacts related to BH RLF recovery and propose:
Proposal 6 The existing RLF detection mechanisms of UE access link are taken as the baseline for backhaul link.
Proposal 7 The existing RRC Connection Reestablishment procedure of UE access link is taken as the baseline for backhaul link.
Proposal 8  The Routing update and IAB-node integration procedures are reused for BH RLF recovery.

Proposal 9 It is beneficial that the IAB-node DU explicitly alerts child IAB-nodes about the upstream RLF. The details of the explicit alert is FFS.

Proposal 10 During RRC Connection Reestablishment procedure, the IAB-MT should select a suitable cell which is capable for IAB access
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