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Introduction
[bookmark: _GoBack]The issue of IAB flow control (FC) has not yet been discussed in the RAN3 WI, and it was a subject of an RAN2 email discussion. Furthermore, according to the LS on IAB FC, RAN2 agreed that UL end-to-end (e2e) FC is not to be supported in IAB. This paper is an attempt to agree on some basic principles of IAB DL FC and pave the way for progress in this area. More details of the solution design are given in our related paper R3-197191.
Discussion
The ground principles of IAB DL FC are discussed below.
The purpose of flow control
Flow control is often mistaken for congestion control. Namely, congestion control refers to mechanisms invoked after congestion has occurred, while FC aims is to keep the buffers on a path small enough to avoid queue build-up in the first place. Moreover, the FC mechanism must also “constantly fill the pipe” with packets, for efficient use of resources. In other words, FC is not about reactive handling overflows at intermediate IAB nodes on a path, but rather to keep in check the queues in the intermediate nodes.
Observation 1: Flow control is not about reactive handling overflow at intermediate IAB nodes on a path but rather to keep in check the queues in the intermediate nodes.
The possible use case for F1-U FC could include:
· Active Queue Management in the CU-UP, i.e. selective dropping of packet above the PDCP layer, to improve TCP performance.
· Performance improvement for split bearers in the case of DC e.g. by trying to keep the delay the same on both paths to avoid that the receiver needs to perform too much re-ordering, which would increase the overall delay and buffering requirements. 
Observation 2: The possible use case for F1-U flow control could include: 
· Active Queue Management in the CU-UP, i.e. selective dropping of packet above the PDCP layer, to improve TCP performance.
· Performance improvement for split bearers in the case of DC, e.g. by trying to keep the delay the same on both paths to avoid that the receiver needs to perform too much re-ordering, which would increase the overall delay and buffering requirements. 
Proposal 1: RAN3 to agree that the purpose of IAB DL flow control is in line with the definition of flow control, i.e. to prevent queue build-up and to ensure efficient use of resources by injecting an appropriate amount of traffic into the network.
Feedback is without exception an inherent part of any given FC mechanism, where the natural recipient of the feedback is the node responsible for injecting the traffic into the network or a segment of the network. In the IAB context, this node is the donor, or, more accurately the IAB-donor-CU-UP entity. Accordingly, the recipient of feedback in the IAB DL FC mechanism should be the IAB-donor-CU or IAB-donor-CU-UP. Any other alternative would mean that the pushback is intended to some other intermediate node, which may lead to queue growth, since the node that injects the traffic (i.e. the IAB-donor-CU-UP) will be unaware and continue to inject the traffic into the network uninterruptedly.
Observation 3: Feeding back the IAB DL flow control report to any node other than the IAB-donor-CU (i.e. the IAB-donor-CU-UP) may lead to queue growth at intermediate nodes, since the node that injects the traffic (i.e. the IAB-donor-CU-UP) will be unaware and will continue to inject the traffic into the network uninterruptedly.
Proposal 2: RAN3 to agree that the recipient of a flow control feedback message shall be the IAB-donor-CU-UP, or IAB-donor-CU (in case of no CP-UP split).
The transport of flow control signalling
Another key issue to decide is which entity is responsible for FC i.e. whether FC feedback messages are carried on the UP or CP. Considering that FC is an UP function, this should not change for IAB networks, since otherwise it would breach the CP-UP separation principle. Thus, FC feedback from IAB nodes should be carried on the UP, just as it is specified for regular CU-DU split. 
Observation 4: Flow control signalling in regular CU-DU split case is carried on the UP, which is in line with the CP-UP separation principle.
As explained earlier, the task of FC is to keep the buffers on a path small enough to avoid queue build-up in the first place, which may incur frequent signalling for flow adjustment. In other words, the signalling for FC scales with the UP traffic and it does not seem reasonable to carry this signalling on the CP. 
Observation 5: The signalling for flow control scales with the UP traffic and it does not seem reasonable to carry this signalling on the CP.
Finally, it should be noted that at RAN2#105bis it was agreed that, the NR UP protocol is considered baseline for DL e2e FC. 
Proposal 3: RAN3 to agree that the IAB flow control signaling should be carried on the UP, just as it is specified for regular CU-DU split case.
The node sending the flow control feedback to IAB-donor-CU
According to the submissions to previous meetings, some companies propose that e2e FC feedback is sent from intermediate IAB nodes. In our view, there are both formal and technical reasons why this is neither an efficient nor a feasible solution. When it comes to formal reasons, as the name suggests, e2e FC implies sending feedback from an end node, and not from intermediate nodes.
In addition, there are several technical drawbacks for this solution as well. In the current NR-U FC mechanism specified in TS 38.425, the FC feedback information (i.e. DDDS) is sent in a GTP-U extension header and includes information per UE DRB. In that respect, it is crucial to note that an intermediate IAB node cannot see individual GTP TEIDs of UE bearers that do not terminate at that node. This means that an intermediate node cannot send FC feedback per UE DRB, but per BH RLC channel.  In that respect, sending feedback per BH RLC channel would violate the FC feedback granularity principle followed in TS 38.425 (i.e. per UE DRB). Finally, since a BH RLC channel can carry multiple UE DRBs, and it is likely that these UE DRBs will terminate at different IAB-donor-CU-UPs, it is not clear who should be the recipient of e2e FC feedback per BH RLC channel.
Observation 6: Sending the IAB end-to-end flow control feedback from intermediate nodes is neither feasible nor efficient, for at least the following reasons:
· An intermediate IAB node cannot see GTP TEIDs of UE DRBs that do not terminate at that IAB node, meaning that the end-to-end flow control feedback from intermediate nodes can only be sent per BH RLC channel.
· Sending end-to-end flow control feedback per BH RLC channel would violate the principle followed in TS 38.425, i.e. that DDDS is sent per UE DRB.
· An N:1-mapped BH RLC channel will likely carry UE DRBs terminating at different IAB-donor-CU-UPs, so it is unclear which entity should be the recipient of the feedback.
Based on the discussion above, we conclude that e2e FC feedback shall be sent only from the access node.
Proposal 4: RAN3 to agree that end-to-end flow control feedback in IAB shall only be sent from the access IAB node for the UE DRB(s) in question.
Conclusion
[bookmark: _In-sequence_SDU_delivery]This paper discusses the general principles of IAB DL e2e FC. The following is observed: 
Observation 1: Flow control is not about reactive handling overflow at intermediate IAB nodes on a path but rather to keep in check the queues in the intermediate nodes.
Observation 2: The possible use cases for F1-U flow control could include: 
· Active Queue Management in the CU-UP, i.e. selective dropping of packet above the PDCP layer, to improve TCP performance.
· Performance improvement for split bearers in the case of DC, e.g. by trying to keep the delay the same on both paths to avoid that the receiver needs to perform too much re-ordering, which would increase the overall delay and buffering requirements. 
Observation 3: Feeding back the IAB DL flow control report to any node other than the IAB-donor-CU (i.e. the IAB-donor-CU-UP) may lead to queue growth at intermediate nodes, since the node that injects the traffic (i.e. the IAB-donor-CU-UP) will be unaware and will continue to inject the traffic into the network uninterruptedly.
Observation 4: Flow control signalling in regular CU-DU split case is carried on the UP, which is in line with the CP-UP separation principle.
Observation 5: The signalling for flow control scales with the UP traffic and it does not seem reasonable to carry this signalling on the CP.
Observation 6: Sending the IAB end-to-end flow control feedback from intermediate nodes is neither feasible nor efficient, for at least the following reasons:
· An intermediate IAB node cannot see GTP TEIDs of UE DRBs that do not terminate at that IAB node, meaning that the end-to-end flow control feedback from intermediate nodes can only be sent per BH RLC channel.
· Sending end-to-end flow control feedback per BH RLC channel would violate the principle followed in TS 38.425, i.e. that DDDS is sent per UE DRB.
· An N:1-mapped BH RLC channel will likely carry UE DRBs terminating at different IAB-donor-CU-UPs, so it is unclear which entity should be the recipient of the feedback.
Based on the observations, the following is proposed:
Proposal 1: RAN3 to agree that the purpose of IAB DL flow control is in line with the definition of flow control, i.e. to prevent queue build-up and to ensure efficient use of resources by injecting an appropriate amount of traffic into the network.
Proposal 2: RAN3 to agree that the recipient of a flow control feedback message shall be the IAB-donor-CU-UP, or IAB-donor-CU (in case of no CP-UP split).
Proposal 3: RAN3 to agree that the IAB flow control signaling should be carried on the UP, just as it is specified for regular CU-DU split case.
Proposal 4: RAN3 to agree that end-to-end flow control feedback in IAB shall only be sent from the access IAB node for the UE DRB in question.
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