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In the previous RAN2#113e meeting [1], the following agreements have been made:
· RAN2 to support type-2/3 RLF indication (FFS specified behavior(s) TS impact, FFS details).
· Type-2 RLF indication may be used to trigger local rerouting.
· Local rerouting can be triggered by indication of hop-by-hop flow control. Further details, e.g., on trigger information, trigger conditions, role of CU configuration, are FFS.
· The scheduler of an IAB node does not have all the information needed (e.g. link quality across multiple hops) to make appropriate upstream or downstream scheduling decisions which take into account the overall route link quality (such as e.g. using downstream link quality measurements to adjust the scheduling weights so as to achieve proportional fairness for different bearers/RLC channels across multiple child-IAB nodes).

In this paper, we discuss how to enhance the RLF indication content and propagation in order to reduce service interruption due to the RLF. Then, we propose a new type of indication message dedicated to the quality level of BAP paths.

Discussion
RLF indication enhancements
RLF indication content
There may be some cases where an IAB-node with dual-connectivity uses both links for load balancing purpose. Indeed, if the capacity of one link is not sufficient to accommodate the total throughput, then some packets associated with one or several BAP path ID(s) would be transmitted through the first parent, while other packets associated with different BAP path ID(s) would be transmitted through the second parent.
If a BH RLF occurs for one of the parent links, the IAB-node may try to reroute the packets through the alternative link. In this respect, sending a BH RLF indication to the child IAB-node(s) would be useful to trigger some rerouting by the child IAB-node(s). 
However, upon reception of such RLF indication from a parent IAB-node, a child IAB-node may try to reroute all the packets initially intended for this parent IAB-node through an alternative BH link, which may create a risk of congestion on this alternative link. 
For this purpose, in order to help a child IAB-node to take the right decision for rerouting, it is proposed that the BH RLF indication format is enhanced so that it carries a list of the BAP path ID(s) impacted by the RLF. A child IAB-node receiving this enhanced RLF indication (Type 1, 2, or 4) may thus be able to reroute only the packets associated with the BAP path ID belonging to the received list.
Proposal 1: A BH RLF indication may convey a list of BAP path ID(s) or BAP Routing ID(s) impacted by the RLF.

Given the example of Figure 1 below illustrating a configuration of upstream BAP paths for 2 IAB-nodes (7 and 8), if a BH RLF occurs between IAB-node 4 and IAB-node 1, the IAB-node 4 may send a BH RLF indication including the list [path ID1, path ID4] to its child IAB-nodes 7 and 8. As a consequence, IAB-node 8 may reroute packets associated with path ID4 through a different IAB-node, i.e. IAB-node 5. In case of RLF recovery, IAB-node 4 may send a BH RLF indication Type 3 including the list [path ID1, path ID4] to indicate those paths are available again. 


[bookmark: _Ref57972628]Figure 1 : Upstream paths configuration example

From the above example, it can be noticed that IAB-node 8 has three configured paths but has no information on which of these three paths is the best for rerouting. 
Observation 1: An IAB-node may not take the best decision for local rerouting because of a lack of knowledge on the actual quality of its several alternative transmission paths.
It is then proposed that an IAB-node may send some information on the quality level of each BAP path in its BH Routing Configuration to its child IAB-node(s). The quality level information may be sent only when there is a significant change for one path. The quality level for several paths may be carried by a BH RLF indication message (Type 1, 2, 3, or 4). 
Proposal 2: Some information related to the quality level associated with all or part of the BAP paths or the BAP Routing IDs handled by an IAB-node may be transmitted to the child IAB-node(s) through a BH RLF indication message.

Forwarding of RLF indication
When the IAB-node receiving a BH RLF indication (Type 1, 2 or 4) does not have any alternative path, there is no possibility for the IAB-node to perform any rerouting in the upstream direction. In such a case, the IAB-node should forward the RLF indication to its own child IAB-node(s) which may have dual connectivity for local rerouting. 
Proposal 3a: Upon reception of a BH RLF indication from a parent IAB-node, an IAB node without any alternative path should forward the RLF indication to its own child IAB node(s).

Going further, it may be advantageous that a BH RLF indication is forwarded to the child IAB-node that generated the packets to reroute (e.g. an access IAB-node for a UE). Indeed, such an IAB-node should have the largest number of possible alternative paths to send its packets (provided those paths have been configured by the IAB-donor-CU). Moreover, selecting a new path ID from the IAB-node generating the packets would avoid any additional processing at intermediate relay IAB-nodes (e.g. on-the-fly rerouting). However, the IAB-node needs some information on the paths in order to select the best one. 
Proposal 3b: A BH RLF indication including BAP path ID(s) or BAP Routing ID(s) (with or without the quality level) should be forwarded by an IAB-node to its child IAB node(s).

When forwarding a BH RLF indication including the quality level associated with BAP path(s) or BAP Routing ID(s), an IAB-node may update the quality level according to its own estimation. If the quality level estimated by the IAB-node for a given BAP path or BAP Routing ID is lower than the quality level indicated in the received RLF indication, then the IAB-node may update this quality level when forwarding the RLF indication. If the quality level estimated by the IAB-node for a given BAP path is better than or equal to the quality level indicated in the received RLF indication, then the IAB-node does not update the RLF indication.
[bookmark: _Hlk61272602]Proposal 4: When forwarding a BH RLF indication including the quality level associated with BAP path(s) or BAP Routing ID(s), an IAB-node may update the quality level associated with a BAP path or a BAP Routing ID, which is estimated as lower than the quality level indicated in the received RLF indication.

BAP Routing ID update when rerouting
According to Release 16, when rerouting is decided and applied by an IAB-node, the rerouted packets will take a path that does not correspond to the Routing ID in their BAP header (PATH field). The IAB-node receiving the rerouted packets may not have the corresponding Routing ID as an entry in its routing table. Although the IAB-node can route the packets according to the destination BAP address only, it is preferable, for an optimized routing, that the Routing ID of the packets matches the path that is actually taken. For this purpose, the IAB-node that performs rerouting should update the BAP path ID in the header of the rerouted packets.
In particular, in order to avoid any Routing ID update at intermediate IAB-nodes, an access IAB-node (for upstream traffic) or the IAB-donor-DU (for downstream traffic) should update the BAP path ID in the header of the rerouted packets.
[bookmark: _Hlk61272635]Proposal 5: An IAB-node performing local rerouting should update the BAP path ID in the header of the rerouted packets to reflect the new path taken by the packets. 


New type of indication message
It is proposed that an IAB-node may send some information on the quality level of each BAP path in its BH Routing Configuration to its child IAB-node(s). The quality level may be related to the radio link conditions (e.g. SINR) and/or to the congestion status of the link. The quality level for several paths may be carried through a new type of indication message.
[bookmark: _Hlk61269701]Proposal 6a: Information related to the quality level associated with all or part of the BAP paths or the BAP Routing IDs handled by an IAB-node may be transmitted to the child IAB-node(s) through a dedicated BAP control PDU, e.g. Radio Link Quality (RLQ) indication. 
Proposal 6b: The quality level associated with a BAP path or a BAP Routing ID may refer to the radio link conditions (e.g. SINR) and/or the congestion level.





Conclusion
In this contribution, we discuss possible enhancements of RLF indication but also enhancements to transmit information related to the quality level of BAP paths. 
Observation 1: An IAB-node may not take the best decision for local rerouting because of a lack of knowledge on the actual quality of its several alternative transmission paths.

Proposal 1: A BH RLF indication may convey a list of BAP path ID(s) or BAP Routing ID(s) impacted by the RLF.
Proposal 2: Some information related to the quality level associated with all or part of the BAP paths or the BAP Routing IDs handled by an IAB-node may be transmitted to the child IAB-node(s) through a BH RLF indication message.
Proposal 3a: Upon reception of a BH RLF indication from a parent IAB-node, an IAB node without any alternative path should forward the RLF indication to its own child IAB node(s).
Proposal 3b: A BH RLF indication including BAP path ID(s) or BAP Routing ID(s) should be forwarded by an IAB-node to its child IAB node(s).
Proposal 4: When forwarding a BH RLF indication including the quality level associated with BAP path(s) or BAP Routing ID(s), an IAB-node may update the quality level associated with a BAP path or a BAP Routing ID, which is estimated as lower than the quality level indicated in the received RLF indication.
Proposal 5: An IAB-node performing local rerouting should update the BAP path ID in the header of the rerouted packets to reflect the new path taken by the packets. 
Proposal 6a: Information related to the quality level associated with all or part of the BAP paths or the BAP Routing IDs handled by an IAB-node may be transmitted to the child IAB-node(s) through a dedicated BAP control PDU, e.g. Radio Link Quality (RLQ) indication. 
Proposal 6b: The quality level associated with a BAP path or a BAP Routing ID may refer to the radio link conditions (e.g. SINR) and/or the congestion level.
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