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Introduction
From the New WID on enhancements to Integrated Access and Backhaul[1], we can see that the E2E flow and congestion control issue in R17-IAB still should be further studied. 
	Enhancements in scheduling, flow and congestion control improves end-to-end performance as well as spectral efficiency to the IAB network. 
Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation 


For the R16-IAB DL flow control issue, hop-by-hop flow control scheme and end-to-end flow control scheme were discussed, and the hop-by-hop flow control scheme was specified in the end. In this contribution, we will discuss the end-to-end flow and congestion control issue in R17-IAB and give our proposals. 
Discussion
Flow control scheme in R16-NR
In NR, the CU-UP is able to control the DL transmission based on the DDDS reported by DU. As is shown in Figure 1, the CU-UP can get the DL datas transmission status of every UE’s DRB on Uu through DDDS. When one of the DRBs is congested, the CU-UP can slow down the DL data rate of the DRB to alleviate downlink congestion. In addition, NR also supports DU to report overload status indication to CU-CP through F1AP, and CU-UP to report overload status indication to CU-CP through E1AP. However, the DU’s overload status indication or CU-UP’s overload status indication has nothing to do with the DL flow control.
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Figure 1. Flow control scheme in R16-NR
As to the DL flow control of R16-IAB, the DL hop-by-hop flow control scheme was specified. However, the DL E2E flow control is still an open issue. The agreements achieved in RAN3 for E2E flow control is as below:

	Use current DDDS for e2e flow control in IAB; necessary enhancements to DDDS are not precluded

The existing flow control mechanism via DDDS is reused for IAB, i.e. the DDDS is sent from the access IAB node to the IAB-donor-CU-UP, or IAB-donor-CU (in case of no CP-UP split)


From the DL E2E flow control scheme in R16-IAB, we can see that the user-plane flow control scheme is the main solution.

Observation1: For the DL E2E congestion migiration in R16-IAB, user-plane flow control sheme is the main solution.
On the other hand, the traditional F1-U DL flow control scheme is based on the access-DU reporting DDDS to the CU-UP. And the granularity of reporting DDDS is per UE DRB which is associated to a specific GTP-U tunnel. As agreed in RAN3#106 meeting, the traditional DDDS flow control mechanism is reused for IAB end-to-end flow control. If we follow the agreements and perform DL end-to-end flow control in IAB, the access IAB-node may detect the DL data transmission status of the access link per DRB. Then report the feedback information in DDDS to the IAB Donor CU-UP. From the above process, we can see that the status of the backhaul link between the access IAB-node and the IAB-Donor CU-UP is not considered in the feedback information at all, even if the data overflow may also happen in the backhaul link. In this case, when the CU-UP received DDDS from the access IAB-node, the CU-UP may continue to infuse DL packets to the backhaul link, which will result in the aggravation of DL congestion over the backhaul link.

Observation2: The traditional DDDS flow control mechanism via DDDS only considers the DL data transmission status of the access link and does not considers the DL data transmission status of the backhaul link.
Consideration on Flow Control scheme in R17-IAB
For the R17-IAB, we should consider the enhancements to Integrated Access and Backhaul (IAB) builds on the Rel-16 WI NR_IAB, which supports wireless backhauling via NR enabling flexible and very dense deployment of NR cells. What’s more, the enhancements to topological redundancy is also supported in R17-IAB. In this case, the traditional user-plane flow control scheme relying solely on the CU-UP slowing down the DL data transmission rate to alleviate DL E2E data congestion may not be efficient enough in R17. Sometimes, the downlink data transmission path may need to change to really  reliefachieve congestion relief. When the DL traffic is very heavy, it may be necessary to change the transmission path of the DL data to completely relieve congestion. Therefore, the re-routing or re-mapping scheme should be considered, and it is the CU-CP but not the CU-UP to make decision for re-routing or re-mapping.
Proposal 1: For the DL E2E congestion migration in R17-IAB , control-plane flow control scheme should also be considered.
Take the Figrue 2 below as an example, when the CU-UP receives a DDDS from IAB1 and judges the backhaul link between the IAB1 and Donor-DU is congested, the CU-UP may slow down the DL data transmission for the concerned DRB to try to relieve the congestion. However, if the topology is more complex, the situation will be worse because of transmission latency. And the congestion link may be RLF before the flow control by CU-UP is available. However, if the congestion information can be sent to the CU-CP, the CU-CP may be able to re-evaluate the overall link, and take other solutions, e.g. re-routing to alleviate the DL congestion in time. Based on the analysis above, control-plane flow control scheme should also be considered besides user-plane flow control scheme in R17.
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Figure 2. DL E2E Flow control in IAB
In the scenario above, the CU-CP may be able to get the congestion indication from CU-UP. But it may be a little bit slow because of congestion-judgement latency in CU-UP. And another faster and more efficient way is that the congested intermediate IAB-node reports the congestion flow control info to the CU-CP directly. In the Figure 1, when the IAB4 detects the DL data overflow happens between IAB3 and IAB4, it may report congestion flow control info to the CU-CP by F1AP message directly. By this way, detailed DL congestion information is available to CU-CP in time. So that the solutions can be taken to alleviate the DL congestion very quickly.
Proposal 2: For the control-plane DL E2E  flow control, both CU-UP and the intermediate IAB-node can report the DL congestion information to the CU-CP.
For the uplink flow control, it is agreed that the UL scheduling is considered as a baseline for hop-by-hop flow control. The reason is that the parent node can adjust the allocation of uplink resources to alleviate uplink congestion. And the UL end-to-end flow control is not supported in R16-IAB network. However, for the multi-connection and complex topology in R17-IAB, relying solely on the UL scheduling to alleviate UL congestion may result in low efficiency of uplink transmission or RLF when the UL resource in limited and there is a lot of UL data on the congested link. In this case, the UL end-to-end flow control scheme should be considered. To mitigate the UL congestion, re-routing may be the possible candidate when the UL congested IAB-node have two or more parent-IAB nodes. More specifically, congested IAB-node reports the UL congestion information to the the CU-CP, and then the CU-CP makes the re-routing decision and send the re-routing configuration to associated IAB-nodes to mitigate the UL end-to-end congestion.
Proposal 3: It is suggested to consider the UL end-to-end flow control in R17-IAB, and control-plane flow control scheme can be taken as a appropriate candidate.
Conclusion
In this contribution, we discussed the issues on end-to-end flow control scheme in R17. And we have the following observations and proposals:

Observation1: For the DL E2E congestion migiration in R16-IAB, user-plane flow control sheme is the main solution.
Observation2: The traditional DDDS flow control mechanism via DDDS only considers the DL data transmission status of the access link and does not considers the DL data transmission status of the backhaul link.
Proposal 1: For the DL E2E congestion migration in R17-IAB , control-plane flow control scheme should also be considered.
Proposal 2: For the control-plane DL E2E  flow control, both CU-UP and the intermediate IAB-node can report the DL congestion information to the CU-CP.
Proposal 3: It is suggested to consider the UL end-to-end flow control in R17-IAB, and control-plane flow control scheme can be taken as a appropriate candidate.
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