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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
A new WID [1] for IAB enhancements was agreed in RAN#88-e, wherein routing and transport enhancement is one of the objectives in the WID:
	Topology, routing and transport enhancements [RAN2-led, RAN3]:
· Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation 


In this contribution, we would like to investigate some potential enhancements regarding RLF handling.
2. Discussion
In Rel-16, 4 types of BH RLF indications were discussed to handle BH RLF:
· Type 1 – “Plain” notification: Indication that BH link RLF is detected by the child IAB-node.
· Type 2 – “Trying to recover”: Indication that BH link RLF is detected, and the child IAB-node is attempting to recover from it. 
· Type 3 – “BH link recovered”: Indication that the BH link successfully recovers from RLF.
· Type 4 – “Recovery failure”: Indication that the BH link RLF recovery failure occurs. 
However, only Type 4, i.e. RLF recovery failure indication was agreed. The other 3 indications were not sufficiently discussed due to the lack of time in Rel-16. A majority of the companies agreed to postpone the BH RLF indications (Type-2 and Type-3) to Rel-17 in the email discussion of [AT109bis-e][022][IAB] RLF Handling.
Observation 1 [bookmark: _Ref46333105]There is support to continue the discussion of the RLF detection indication (Type 2) and RLF recovery indication (Type 3) in Rel-17.
Type 2 indication implies the RLF detection over backhaul links, and could be used as an alert of RLF recovery failure risk. It allows the child node to take precautions against the potential performance degradation at the parent node, such as the searching for an alternative parent node, which could presumably facilitate the re-establishment process upon receiving Type 4 indication. Type 3 message indicates the successful recovery of the RLF link, therefore the child node can resume the normal transmissions once it receives this indication. From our perspective, both Type 2 and Type 3 RLF indications are useful for the IAB network, therefore should be supported.
Observation 2 [bookmark: _Ref46333112]Type 2 RLF indication allows the child node to take precautions against the potential performance degradation at the parent node, such as the searching for an alternative parent node.
Observation 3 [bookmark: _Ref46333125]Type 3 RLF indication informs the child node that the parent has recovered from the RLF and the child node can resume the normal transmissions.
[bookmark: _Ref46333148]Type 2 and type 3 RLF indications should be supported.
During the RLF recovery procedure, an IAB-node is not supposed to select upstream IAB-nodes that have already triggered BH RLF indication. Take Figure 1 for an example, assume that the IAB-node 1 declares RLF recovery failure on the BH link 1, so it will send the Type 4 indication to IAB-node 2 as there is no redundant connection to IAB-donor-CU. Upon reception of the BH RLF indication message from IAB-node 1, IAB-node 2 might try to establish another backhaul link to a new parent IAB-node aside from IAB-node 1. If IAB-node 2 fails to find a suitable parent IAB-node, it shall announce the RLF recovery failure over BH link 2 and send the Type 4 indication to IAB-node 3. Similarly, IAB-node 3 might try to perform parent node selection once it receives the message from IAB-node 2. In this case, both IAB-node 1 and 2 should not be considered as candidate parent IAB-nodes. However, IAB-node 3 is only aware of that its parent node (IAB-node 2) suffered from RLF, the possibility that IAB-node 3 chooses IAB-node 1 is not excluded. If the information (such as node ID, PCI etc.) of the ancestor IAB nodes suffered from RLF recovery, i.e., IAB-node 1 and IAB-node 2, is propagated to the downstream nodes, the assistance information can help the child IAB-node 3 select an appropriate parent node. This could be important to reduce the service interruption due to improper parent IAB-node selection.


[bookmark: _Ref31815629]Figure 1 Illustration for parent node selection in RLF scenario
In practice, an IAB-node suffering RLF (IAB-node 1) may block the access of other IAB-nodes by not broadcasting iab-support in SIB1. However, it may take a longer time for an accessing IAB-node to decode the SIB1 of one of the subordinate cells of IAB-node 1, as the periodicity of SIB1 is 160 ms. By contrast, if the cell information (such as PCI) of IAB-node 1 is carried in BAP message, the access IAB-node does not need to decode the SIB1 while perform cell-selection. In this way, the access IAB-node can exclude the cells carried in the BAP message as candidate cells. The PCI information can be implicitly obtained via PSS and SSS signals, which is more time-efficient as this process is prior to SIB1 decoding. 
Observation 4 [bookmark: _Ref46333134]The cell information of the ancestor IAB nodes suffering RLF is beneficial to reducing the service interruption caused by improper parent-node reselection.
Observation 5 [bookmark: _Ref47622586]Excluding the IAB-nodes suffering RLF from parent IAB-node selection may take a longer time as the iab-support indicator is carried in SIB1 with a periodicity of 160 ms per cell.
[bookmark: _Ref46333157]RAN2 to discuss if the cell information (such as PCI) of the IAB nodes suffering RLF should be propagated to the downstream nodes.
3. Conclusion
In this paper, we discussed the enhancements on RLF handling. The observations and proposals are the following:
Observation 1	There is support to continue the discussion of the RLF detection indication (Type 2) and RLF recovery indication (Type 3) in Rel-17.
Observation 2	Type 2 RLF indication allows the child node to take precautions against the potential performance degradation at the parent node, such as the searching for an alternative parent node.
Observation 3	Type 3 RLF indication informs the child node that the parent has recovered from the RLF and the child node can resume the normal transmissions.
Observation 4	The cell information of the ancestor IAB nodes suffering RLF is beneficial to reducing the service interruption caused by improper parent-node reselection.
Observation 5	Excluding the IAB-nodes suffering RLF from parent IAB-node selection may take a longer time as the iab-support indicator is carried in SIB1 with a periodicity of 160 ms per cell.
Proposal 1	Type 2 and type 3 RLF indications should be supported.
Proposal 2	RAN2 to discuss if the cell information (such as PCI) of the IAB nodes suffering RLF should be propagated to the downstream nodes.
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