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In a previous RAN2 meeting [1], the following issue was raised for the NR IAB enhancements work item: 
IC-1: Long-term downstream congestion on a single link cannot be alleviated using existing Rel-16 DL HbH flow control mechanisms, without having to rely on dropping packets.   
Besides, in the last RAN2#114e meeting [2], it was agreed that local re-routing based on flow control feedback is allowed based on certain value of available buffer size. FFS further details. (Current HbH flow control is for DL traffic).
In this paper, we discuss an enhancement of flow control feedback mechanism in the scope of topology-wide fairness, multi-hop latency and congestion ‎mitigation.

Discussion
Flow control feedback forwarding
As stated in [1], a long-term congestion on a backhaul link may not be alleviated using the flow control mechanism triggered at BAP sublayer without having to rely on dropping packets. Indeed, the data rate reduction in the scheduler of a parent IAB-node receiving a flow control feedback from a child IAB-node may alleviate a downstream congestion in the child IAB-node, but it may lead to a congestion in the parent IAB-node that will need to send in turn a flow control feedback. The flow control mechanism may be repeated up to the IAB-Donor-DU, which may also experience a congestion leading to dropping packets.
Actually, there are two possible options to help mitigate the congestion. As a first option, an IAB-node or an IAB-donor-DU may reroute some BAP PDUs on an alternative path when it is already configured by the Donor-CU. As a second option, the IAB-Donor-CU can be warned by an IAB-node in order to compute a new routing configuration for all or part of the network, and to reconfigure the IAB-nodes accordingly. The drawback of both solutions is that it may take a long time to apply the corrective action, and packet dropping may not be avoided. For example, it may take a long time to apply the hop-by-hop flow control mechanism of release-16, and to reach an IAB-node able to reroute BAP PDUs. Furthermore, the time to warn the IAB-Donor-CU and to apply a new configuration may take even a longer time.
Thus, by enabling an IAB-node to forward the flow control feedback received from a child IAB-node, the time to reach an IAB-node that may be able to reroute some BAP PDUs on an alternative path can be significantly reduced.
Proposal 1: An IAB-node may forward a flow control feedback received from a child IAB-node toward its parent IAB-node(s).
The decision to forward a flow control feedback may be based on a configuration provided by the IAB-donor CU. As a first example of configuration, an IAB-node may systematically forward a received flow control feedback. As another example, an IAB-node may estimate if the flow control feedback indicates a situation of congestion with the need to attempt a corrective action, for instance, if the available buffer size for a BH RLC channel (or BAP routing ID) is below a predetermined threshold. For such flow control feedback, the IAB-node may decide to forward it immediately or it may evaluate the feasibility of a local corrective action like a data rate adaptation in the scheduler or packets rerouting on an alternative path. When no corrective action can be efficiently applied, the IAB-node then decides to forward the flow control feedback.
Proposal 2: The decision by an IAB-node to forward a flow control feedback may be based on a configuration provided by the IAB-donor-CU.

Update of flow control feedback content
A flow control feedback reports an available buffer size per BH RLC channel ID or per BAP routing ID. Since the BH RLC channel ID only has link-local scope, some flow control feedback with a reporting per RLC channel ID, issued by a first IAB-node and forwarded by a second IAB-node to a third IAB-node may not be understood by this third IAB-node. Thus, before forwarding a flow control feedback, it is proposed to adapt its content by updating the BH RLC channel ID (i.e. the one for the BH link between the second and first IAB-nodes) with the BH RLC channel ID associated to the BH link between the second and third IAB-nodes.
[image: ]
 Figure 1 : Illustration of flow control feedback forwarding
The determination of the associated BH RLC channel ID for updating is based on the BH RLC channel mapping configuration. Thus, the ingress RLC channel ID of the entry to be considered in the BH RLC channel mapping configuration is the one for which:
· the egress RLC channel ID field matches the BH RLC channel ID in the received flow control feedback, 
· the next-hop BAP address field matches the egress BH link on which the flow control feedback is received, 
· the prior-hop BAP address field matches the selected ingress BH link to forward the flow control feedback.

Proposal 3: When forwarding a flow control feedback per BH RLC channel ID, an IAB-node should remap the BH RLC channel ID according to its BH RLC channel mapping configuration.

Besides, the flow control feedback from a first IAB-node includes information on the available buffer size that provides a status of the buffer load in the first IAB-node only, and it does not take into account the buffer load status in the second IAB-node. Thus, before forwarding a flow control feedback, it is proposed to update the flow control feedback so as to replace the available buffer size in the first IAB-node with the available buffer size in the second IAB-node when the buffer load in the second IAB-node is greater than the buffer load in the first IAB-node. Alternatively, the available buffer size in the second IAB-node is added to the flow control feedback in addition to the available buffer size in the first IAB-node, so that the buffer load status in the different IAB-nodes can then be taken into account by the third IAB-node.
Proposal 4: When forwarding a flow control feedback, an IAB-node may update the available buffer size information related to a BH RLC channel ID or a BAP routing ID according to its own buffer status.

Furthermore, an IAB-node may append one or several BH RLC channel IDs or one or several BAP routing IDs status in the flow control feedback to forward, when the targeted IAB-node is concerned by these BH RLC channel IDs or BAP routing IDs not reported in the received flow control feedback. Also, an IAB-node may remove one or several BH RLC channel IDs status or one or several BAP routing IDs status in the flow control feedback to forward, when the targeted IAB-node is not concerned by these BH RLC channel IDs or BAP routing IDs.
Proposal 5: When forwarding a flow control feedback, an IAB-node may append or remove some BH RLC channel IDs or BAP routing ID status.



Conclusion
In this contribution, we discuss some possible enhancements of the flow control mechanism in BAP sublayer to avoid dropping packets in case of long-term congestion.
Proposal 1: An IAB-node may forward a flow control feedback received from a child IAB-node toward its parent IAB-node(s).
Proposal 2: The decision by an IAB-node to forward a flow control feedback may be based on a configuration provided by the IAB-donor-CU.
Proposal 3: When forwarding a flow control feedback per BH RLC channel ID, an IAB-node should remap the BH RLC channel ID according to its BH RLC channel mapping configuration.
Proposal 4: When forwarding a flow control feedback, an IAB-node may update the available buffer size information related to a BH RLC channel ID or a BAP routing ID according to its own buffer status.
Proposal 5: When forwarding a flow control feedback, an IAB-node may append or remove some BH RLC channel IDs or BAP routing ID status.
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