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1. [bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
Congestion mitigation is one of the objectives for R17 IAB, from RAN3 point of view, E2E flow and congestion control mechanisms are discussed both for UL and DL, in order to avoid data congestion in the multi-hop backhaul link. In addition, CP and UP based solutions can be adopted to alleviate congestion, and following agreements are achieved in the last two RAN3 e-meetings [1][2].
	RAN3 109-e:
UP-based and CP-based approaches for DL congestion mitigation in IAB networks are complementary.
In IAB DL end-to-end flow control, the access node sends feedback to the donor-CU-UP. 
Discuss the improvements to DDDS for IAB UP-based congestion mitigation (e.g. packet marking, highest PDCP SN received from parent node, receiving data rate, received data volume).
The measures taken by the donor-CU-CP based on the CP-based approach are up to implementation.
End-to-end UL flow control is deprioritized in Rel17.
RAN3 110-e:
An IAB node at the parent side of a congested backhaul link may send a congestion indication to the IAB-donor-CU-CP.
So far the following solutions for IAB DL end-to-end flow control are on the table:
-	Highest PDCP SN received from parent node;
-	Bitmap of PDUs transmitted to lower layers out of sequence;
-	Packet marking;
-	Received volume and Receiving data rate.
- “do nothing” option, i.e. use current DDDS as it is
Downselection is expected at the next meeting; no more options are expected


In this contribution, UP and CP based solutions for congestion mitigation will be both further investigated.
2. Discussion
UP based congestion mitigation
Based on the agreements above, DDDS is reused as baseline for UP based DL E2E congestion mitigation, and whether to introduce additional enhancements for DDDS still has no consensus. The key point for divergence is whether the IAB-donor-CU-UP can recognize the congestion condition on the backhaul link rather than access link. And all the four proposed solutions in agreements are aimed to report IAB-donor-CU-UP with the status of backhaul link.
However, according to the information in the DDDS frame, which includes the highest NR PDCP PDU sequence number delivered to the UE and the desired buffer size for access link, IAB-donor-CU-UP can deduce the congestion is occurred in access link or backhaul link as shown in the following table.




Table 1: Analysis for IAB data congestion
	Congestion or not
	Highest NR PDCP PDU SN delivered to UE
	Desired buffer size
	Description

	Access link
	Backhaul link
	
	
	

	No congestion
	No congestion
	High
	High
	No congestion on the whole path, so the buffer in IAB node is unoccupied and the SN to UE is high.

	No congestion
	Congestion
	Low
	High
	Congestion only on BH link leads to less data transmitted to IAB node, and the buffer in IAB node is unoccupied and the SN to UE is low.

	 Congestion
	No congestion
	Low
	Low
	Congestion only on the AC link will lead to data accumulation in the IAB node, and the SN to UE is low.

	Congestion
	Congestion
	Low
	High
	Same to congestion only on BH link.



Observation 1: Information in DDDS is enough for IAB-donor-CU-UP to deduce the congestion in BH link or AC link.
Proposal 1: Nothing needs to be enhanced for DDDS in the IAB DL E2E flow control.
CP based congestion mitigation
For CP based congestion mitigation, the IAB node at the parent side of a congested backhaul link may send a congestion indication to the IAB-donor-CU-CP, and the specific measures taken by the CU-CP are up to implementation. While the granularity and the detail information in the congestion indication message need to be further defined.
The IAB-donor-CU-CP is responsible for centralized resource, topology and route management for the IAB network. And these management functionalities are performed based on a per-link criterion, e.g. IAB-donor-CU-CP can reallocate more or less resource for a BH link or IAB-donor-CU-CP can reconfigure the transmission path to another BH link. Therefore, per-link level reporting may be sufficient for IAB-donor-CU-CP to perform these measures. Moreover, if the IAB-donor-CU-CP wants to reconfigure the BH RLC CH mapping in the BH link due to the congestion, per BH RLC CH level can be additionally introduced.
Proposal 2: Per child link level (or per child node level) reporting can be the baseline for CP based congestion indication.
In terms of the information in the congestion indication message, granularity ID, e.g. child IAB node ID, is included. And some other parameters need to be included to reflect the congestion status of BH link. For example, only 1-bit indicator for congestion or not. Alternatively, a specific congestion degree can be reported to CU-CP for finer reconfiguration.
Proposal 3: Child IAB node ID and the associated congestion degree are included in the congestion indication.
In addition, since the congestion indication is sent from the parent side of the congestion backhaul link to IAB-donor-CU-CP, F1-AP is more suitable than RRC for congestion indication transmission due to unnecessary intra-IAB-node information exchange between IAB-DU and IAB-MT.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: The congestion indication is carried by F1-AP.
3. Conclusion
This contribution aims to analyze the IAB DL E2E congestion mitigation, both for UP and CP based solutions. And following observations and proposals are concluded.
Observation 1: Information in DDDS is enough for IAB-donor-CU-UP to deduce the congestion in BH link or AC link.
Proposal 1: Nothing needs to be enhanced for DDDS in the IAB DL E2E flow control.
Proposal 2: Per child link level (or per child node level) reporting can be the baseline for CP based congestion indication.
Proposal 3: Child IAB node ID and the associated congestion degree are included in the congestion indication.
[bookmark: _GoBack]Proposal 4: The congestion indication is carried by F1-AP.
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