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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. 
This paper discusses how to support both hop-by-hop and end-to-end flow control mechanisms for IAB from RAN3 point of view.
2 Discussion
2.1 DL flow control for IAB

In the study phase, it was concluded that both end-to-end and hop-by-hop flow control for downlink data transmission to avoid data congestion and packet discard at the intermediate IAB-node and access IAB-node. 

End-to-end flow control mechanism
The end-to-end flow control should be 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 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.
The flow control information is carried by a “RAN container” in a GTP-U extension header. Based the RAN2 agreement that GTP-U is included in the UP stack for F1-U, it is feasible to reuse the flow control of F1-U for IAB. However, the F1-U flow control is associated to one data radio bearer only per-GTP tunnel, the flow control of F1-U can only be used for UE access bearer from UE’s access IAB-Node-DU to IAB-Donor-CU-UP. 
Proposal 1 End-to-end flow control is supported by using the F1-U flow control from UE’s access IAB-Node-DU to IAB-Donor-CU-UP and for a UE access bearer.
Hop-by-hop flow control mechanism

Comparatively, hop-by-hop flow control is likely to be not only simpler but also more responsive when compared to the E2E flow control conducted by the IAB donor. In this approach flow control can be conducted with minimal delay based on the local feedback received from the adjacent downstream IAB node. The parent IAB node can immediately throttle the forwarding rate of the downlink packets. 
Table 1. Comparison among four granularities of hop-by-hop flow control

	Granularity
	Pros
	Cons

	UE DRB level
	Can reflect violations/degradation of QoS requirements at DRB level
Can leverage the UE-bearer-specific ID in adaptation info if provided
	Large overhead
Cannot work if UE-bearer specific ID is not provided in adaptation info

	UE level
	Can leverage the UE-specific ID in adaptation info if provided
Moderate overhead
	Cannot reflect violations/degradation of QoS requirements at DRB level

Cannot work if UE-specific ID is not provided in adaptation info

	IAB node level
	Small overhead
Can be used to feedback the BH link condition
	Cannot reflect violations/degradation of QoS requirements at DRB level or UE level

	BH RLC-channel level
	Can reflect violations/degradation of QoS requirements at RLC-channel level 
Moderate overhead N:1 mapping of UE DRBs to BH RLC-channel based on QoS
	Larger overhead for one-to-one UE DRB to BH RLC-channel mapping


There are four different granularities of the feedback information: per UE level, per UE DRB level, per IAB node level, or per BH RLC-channel level. A simple comparison among the four granularities is provided as shown in the Table 1. 
Based on the comparison, UE DRB level feedback similar to DDDS provides most flexibility and finer granularity to can reflect violations/degradation of QoS requirements at DRB level. However, we foresee some differences compared to DDDS, since the current DDDS reports can only provide UE DRB level reporting, which may not be the best approach for all the congestion cases in multi-hop IAB networks. For example, if some backhaul link suffers from congestion or blockage, congestion mitigation at the level of the backhaul RLC-channel or even the IAB node may be more effective than trying to mitigate congestion at the level of the individual UE DRB. What’s more, if RLC channel mapping rule is just between ingress RLC channel ID and egress RLC channel ID based on the configuration, UE DRB level feedback doesn’t work since UE-bearer specific ID is not provided in adaptation info. Therefore, when selecting the appropriate granularity for flow control reporting and feedback, the overhead and feasibility of providing this feedback, as well as the effectiveness of congestion mitigation scheme should be considered. 

Proposal 2 BH RLC channel level feedback can be used as baseline for IAB downlink hop-by-bop flow control.
Proposal 3 UE DRB level feedback can be the considered for IAB downlink hop-by-bop flow control, if UE-bearer-specific ID is provided in adaptation info.

When it comes to the context of the flow control feedback information, the essential thing to be feedback is the flow control granularity ID (e.g. UE DRB ID and BH RLC channel ID) and corresponding buffer status. Besides, only flow control granularity ID where congestion has occurred can be regarded as another approach to save the signalling overhead.

Proposal 4 At least flow control granularity ID (e.g. UE DRB ID and BH RLC channel ID) and corresponding buffer status (optional) shall be included in the hop-by-hop flow control feedback info.
For HbH flow control, one point need to be considered is where to convey the flow control feedback related information. Based on the discussion during the SI stage, an adaptation layer is expected to be introduced for IAB node’s protocol architecture. Then flow control may be regarded as a basic function in adaptation layer, and an adaptation layer control PDU can be used to carry flow control feedback information. Then it seems no impact on RAN3 for hop by hop flow control, we suggest to let RAN2 decide the details.
Proposal 5 Flow control related feedback information can be carried via the adaptation for IAB downlink HbH flow control, it is left for RAN2 decision.
2.1 UL 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 6 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:

Proposal 7 End-to-end flow control is supported by using the F1-U flow control from UE’s access IAB-Node-DU to IAB-Donor-CU-UP and for a UE access bearer.

Proposal 8 BH RLC channel level feedback can be used as baseline for IAB downlink hop-by-bop flow control.
Proposal 9 UE DRB level feedback can be the considered for IAB downlink hop-by-bop flow control, if UE-bearer-specific ID is provided in adaptation info.

Proposal 10 At least flow control granularity ID (e.g. UE DRB ID and BH RLC channel ID) and corresponding buffer status (optional) shall be included in the hop-by-hop flow control feedback info.
Proposal 11 Flow control related feedback information can be carried via the adaptation for IAB downlink HbH flow control, it is left for RAN2 decision.
Proposal 12 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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