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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 the congestion. After initial discussion during last RAN3 111-e meeting [1], following agreements are achieved and the scope of the CP and UP based solution have been narrowed down.
	RAN3 111-e:
The CP-based congestion indication may contain reporting:
- per BAP routing ID and/or
- per child link and/or
- BH RLC CH ID
(downselection is FFS).

The CP-based congestion indication reuses the F1AP GNB-DU Status Indication procedure.
The CP-based congestion indication pertains to DL congestion.

Consider the following two options for the UP-based approach to IAB congestion mitigation:
- No enhancements;
- Packet marking-based approach.


In this contribution, UP and CP based solutions for congestion mitigation are 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 packet marking-based approach aims to report IAB-donor-CU-UP with the status of backhaul link based on the number of congestion packets.
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.
Since 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.
Proposal 2: Per child link level (or per child node level) reporting can be the baseline for CP based congestion indication.
Moreover, if congestion is only occurred in a(some) specific BH RLC CH(s) of the child link, per BH RLC CH level can be also introduced upon per child link level, so that the IAB-donor-CU-CP can reconfigure the bearer mapping rule in the BH link.
Proposal 3: Per BH RLC CH level reporting can be introduced upon per child link level in order for bearer mapping reconfiguration.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]While for the per BAP routing ID level, since the congestion may occur in a specific BH link due to link congestion/failure or in a specific bearer due to under-scheduling or suboptimal bearer mapping rule. If a specific BH link or BH RLC CH is congested, all BAP routing IDs mapped to the specific BH link or BH RLC CH need to be reported to the IAB-donor-CU-CP, which will lead to higher overhead. In addition, IAB-donor-CU-CP needs to indirectly guess the congested BH link or BH RLC CH based on the group of reported BH routing IDs.
Observation 2: Congestion may occur in a specific BH link due to link congestion/failure or in a specific bearer due to under-scheduling or suboptimal bearer mapping rule.
Observation 3: Per BAP routing ID level reporting causes higher overhead than per child link level and per BH RLC CH level, and it is indistinct for IAB-donor-CU-CP to deduce where the congestion has occurred.
Proposal 4: Per BAP routing ID level reporting is not used for CP based congestion indication.
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.
Observation 2: Congestion may only occur in a specific BH link due to link congestion/failure or in a specific bearer due to under-scheduling or unreasonable bearer mapping.
Observation 3: Per BAP routing ID level reporting causes higher overhead than per child link level and per BH RLC CH level, and it is indistinct for IAB-donor-CU-CP to deduce where the congestion has occurred.
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: Per BH RLC CH level reporting can be introduced upon per child link level in order for bearer mapping reconfiguration.
Proposal 4: Per BAP routing ID level reporting is not used for CP based congestion indication.
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