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1 Introduction
The WI on integrated access and backhaul for NR was setup in RAN#82 [1] and the following objective was agreed:

-
Specification of a flow control mechanism (for DL and, if necessary, for UL) to handle congestion.
In the RAN2#105bis meeting, following agreements were achieved for IAB flow control.

· Flow control is supported in both upstream and downstream directions in order to avoid congestion-related packet drops on IAB-nodes and IAB-donor DU. 

· In upstream direction, UL scheduling is considered baseline for hop-by-hop flow control. End-to-end flow control is FFS. 

· In downstream direction, the NR UP protocol is considered baseline for end-to-end flow control. Hop-by-hop flow control is FFS. 
During the last RAN2 meeting, an email discussion for flow control was triggered and several initial conclusions were summarized [2]. Based on the conclusions, enhancement for end-to-end flow control is up to RAN3, then this paper will discuss how to support end-to-end flow control mechanisms for IAB from RAN3 point of view.
2 Discussion
2.1 DL E2E flow control for IAB

In the study item phase, it was concluded that both end-to-end and hop-by-hop flow control for downlink data transmission can be used to avoid data congestion and packet discard at the intermediate IAB-node and access IAB-node. And it was agreed that NR UP protocol is considered as the baseline of end-to-end flow control mechanism for IAB networks, which is executed between the UE’s access IAB-node and IAB-Donor-CU. The main propose of this type flow control is to allow the node hosting the NR PDCP entity (IAB-Donor-CU-UP) to control the downlink user data flow for the respective data radio bearer. The flow control feedback information is carried by a “RAN container” in a GTP-U extension header and includes:
-
the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE (for RLC AM);
-
the highest NR PDCP PDU sequence number transmitted to the lower layers (for RLC UM);
-
the desired buffer size for the concerned data radio bearer;
-
the NR-U packets that were declared as being "lost";
-
an indication of radio linkage outage or radio link resume for the concerned data radio bearer;

-
the assistance information for UP management and optimisation including radio quality assistance information, PDCP duplication activation suggestion and etc.

Observation 1 NR UP protocol is considered as the baseline of end-to-end flow control mechanism for IAB networks.

However, the traditional F1-U flow control is associated to one data radio bearer only per-GTP tunnel, and can only be used for UE access bearer from UE’s access IAB-Node-DU to IAB-Donor-CU-UP. Besides, DDDS based feedback information can only report the transmission status of access link.

According to the conclusion from the email discussion about flow control, DL end-to-end flow control enhancements should be considered in IAB network, and most companies prefer feedback from intermediate IAB node to the IAB donor [2]. The following enhancements can be considered as possible remedies for the deficiencies above.
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Figure 1. Example scenario of flow control for IAB network
As shown in the Figure 1, the backhaul link between IAB node 2 and IAB node 3 suffers link congestion or blockage. Based on the current F1-U flow control solution, IAB node 3 will send a DDDS frame to IAB donor with per UE DRB level feedback. But such traditional DDDS cannot provide any information about which backhaul link is congested or blockage. As a possible solution, IAB node 2 can be used for reporting buffer status to IAB donor via F1-U interface towards the IAB donor CU-UP, then the IAB donor CU-UP will conduct some mechanisms accordingly. Besides, BH RLC channel level feedback can be reported instead of UE DRB level, since UE DRB may not be visible for intermediate IAB node.
Proposal 1 Intermediate IAB node (i.e. the transmitting node of the congested BH link) reports BH RLC channel level buffer information to the IAB donor CU-UP through F1-U interface.
The solution in proposal 1 is a simple and straightforward way. To achieve such solution, an extra GTP-U tunnel may need to be established between intermediate IAB node and IAB donor. Such extra GTP-U tunnel will be used to report additional enhanced information, just similar to the current F1-U feedback. 
Proposal 2 Introducing an extra GTP-U tunnel between intermediate IAB node and the IAB donor CU-UP to carry enhanced BH RLC channel level feedback information for E2E flow control.

Alternatively, each IAB node, including the IAB node 3 can also be used for reporting the receiving status from backhaul link. Based on the receiving status of IAB node 3 and the DL data delivery status of IAB node 3, IAB donor can recognize whether the congestion was occurred in access link (e.g. link bewteen node 3 and UE) or backhaul link (e.g. link between node 2 and node 3). Thus, the donor CU-UP can deterine whether to throttle traffic to some specific UE (if access link to the UE is congested) or traffic to some specific IAB node (if the beckaul link between the IAB node and its parent is congested).
Proposal 3 Each IAB node can report the receiving status of downstream packets via F1-U to donor CU-UP.
2.2 UL E2E flow control for IAB

For the UL flow control, UL scheduling is considered as baseline for hop-by-hop flow control and this can be left to IAB node implementation. In addition, it make sense to support the UL E2E flow control between the access IAB node and the IAB donor CU to alleviate the UL congestion, just similar to the downlink E2E flow control. This can ensure a unified design for both DL and UL. To support the UL E2E flow control, IAB donor CU-UP can send an uplink data delivery status to UE’s access IAB node DU including some informations, e.g. highest sequence number successfully received, desired buffer size, etc.
Proposal 4 A unified design for support both DL and UL E2E flow control is recommended, IAB donor CU-UP can send an uplink data delivery status to UE’s access IAB node DU by F1-U message to alleviate UL congestion.
3 Conclusion
In this paper, this paper discusses how to support both hop-by-hop and end-to-end flow control mechanisms for downlink from RAN3 point of view, and we propose:

Observation 1 NR UP protocol is considered as the baseline of end-to-end flow control mechanism for IAB networks.

Proposal 5 Intermediate IAB node (i.e. the transmitting node of the congested BH link) reports BH RLC channel level buffer information to the IAB donor CU-UP through F1-U interface.
Proposal 6 Introducing an extra GTP-U tunnel between intermediate IAB node and the IAB donor CU-UP to carry BH RLC channel level enhanced feedback information for E2E flow control.
Proposal 7 Each IAB node can report the receiving status of downstream packets via F1-U to donor CU-UP.
Proposal 8 A unified design for support both DL and UL E2E flow control is recommended, IAB donor CU-UP can send an uplink data delivery status to UE’s access IAB node DU by F1-U message to alleviate UL congestion.
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