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The Rel-17 IAB WID objectives [2] include:
	Topology, routing and transport enhancements [RAN2-led, RAN3]:
· Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation 




During Rel-15 SI and Rel-16 IAB WI, congestion mitigation on IAB-donor-DU and IAB-nodes was discussed. For the DL, two mechanism are presently provided:

· The access IAB-node reports missing DL F1-U SNs in the DDDS message to the CU-CP. This signaling can be used by on-path IAB-nodes to apply active queue management, i.e., indicate impending congestion by discarding individual packets, e.g., by applying a random early discard algorithm (Fig. 1). The CU-UP can make throughput adjustments based on the lost-packet report in DDDS.
 
· A flow control feedback mechanism was integrated into the BAP sublayer, where an IAB-node can report overload conditions to the parent node. The feedback can occur with granularity of BH RLC channel of BAP routing ID. Based on this feedback, the parent node can make throughput adjustments.

For the UL, one mechanism is presently provided:

· The scheduler on the congested IAB-DU and IAB-donor-DU can throttle throughput by reducing UL transmission grants.

This paper discusses shortcomings of these mechanisms and proposes potential enhancements to overcome these shortcomings. 
Discussion
Enhancements to DL flow/congestion-control 

Figure 1: End-to-end DL congestion indication triggered via packet discard vs. packet marking

The report on lost F1-U packets via DDDS implies that packets need to get discarded in order to provide feedback. While such a mechanism is effective to mitigate congestion, it requires latency-prone packet retransmissions to achieve reliable delivery.   
Flow-control feedback on BAP layer is a local mechanism, which moves the congestion point to the parent node. Since it can be applied in a hop-by-hop manner, the congestion point will finally reach the IAB-donor-DU. Since the IAB-donor-DU has no means to report overload conditions to the CU-UP(s), it will end up discarding packets. Flow-control feedback on BAP layer can therefore only mitigate short-term congestion without packet discard.
Observation 1: The present flow/congestion control mechanisms can mitigate long-term congestion only via discarding of packets. 
Proposal 1: Flow/congestion control should enable mitigation of long-term congestion without discarding of packets. 
The following enhancements can be considered for DL traffic:
1. The congested IAB-node provides end-to-end feedback to the CU-UP that causes the congestion.
In case traffic causes congestion on the access IAB-node, an E2E congestion indication can be included in the DDDS message.
In case traffic causes congestion on an intermediate IAB-node, a direct feedback to the CU-CP is generally not possible since the IAB-node does not know the source CU-UP of the traffic, and it has no information about the F1-U GTP tunnel or DRB associated with the congestion. The IAB-node may not even have a security association with this specific CU-UP. Information on the F1-U GTP tunnel is contained in the packet headers but it needs to be ciphered over the backhaul.
The same considerations apply to the IAB-donor-DU.
Observation 2: End-to-end feedback to the congestion-causing CU-UP can only be provided by the access IAB-node.    
2. The congested IAB-node can add markings to the BAP header of congestion-causing DL packets, which trigger congestion indications by the access IAB-node to the CU-UP via DDDS. This mechanism provides the same congestion mitigation as the lost-packet report via DDDS but without the need for packet drops (Fig. 1).  
Observation 3: End-to-end feedback to the congestion-causing CU-UP can be triggered via packet markings inserted on the BAP header at the intermediate IAB-node.
Proposal 2: End-to-end DL flow/congestion to be supported via packet markings on the BAP header combined with congestion indication in DDDS. 
Enhancements to UL flow/congestion-control 
The present UL flow/congestion control by the scheduler is very effective. During Rel-15/16, the support of end-to-end congestion feedback was also discussed for UL traffic. Such end-to-end feedback could use the same mechanism as proposed for DL traffic. It implies that an DDDS-equivalent message is introduced to the NR userplane protocol for UL traffic. Such extension of the NR user plane protocol is justifiable also for other reasons, e.g., to handle UL packet loss due to RLF.
Observation 4: The same end-to-end feedback mechanism can be applied to UL traffic. 
Proposal 3: RAN2 to consider using the same end-to-end congestion control mechanism also for UL traffic.

Conclusion
This paper discussed potential enhancements to IAB flow and congestion control. The following observations and proposals have been made:

Observation 1: The present flow/congestion control mechanisms can mitigate long-term congestion only via discarding of packets. 
Observation 2: End-to-end feedback to the congestion-causing CU-UP can only be provided by the access IAB-node.    
Observation 3: End-to-end feedback to the congestion-causing CU-UP can be triggered via packet markings inserted on the BAP header at the intermediate IAB-node.
Observation 4: The same end-to-end feedback mechanism can be applied to UL traffic. 

Proposal 1: Flow/congestion control should enable mitigation of long-term congestion without discarding of packets. 
Proposal 2: End-to-end DL flow/congestion to be supported via packet markings on the BAP header combined with congestion indication in DDDS. 
Proposal 3: RAN2 to consider using the same end-to-end congestion control mechanism also for UL traffic.
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