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Introduction
In RAN3#106, the following were agreed:
		- Use current DDDS for e2e flow control in IAB; necessary enhancement to DDDS are not precluded (DDDS is defined in 38.425)
	- 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)



In this contribution, a supplemental method to the existing flow control mechanism is presented.
[bookmark: _Toc449541143]Discussion
The agreement from RAN3#106 is to reuse the Downlink Data Delivery Status procedures as defined in TS 38.425 [1]. By using DDDS, the access IAB-Node DU can provide feedback to the IAB-Donor-CU-UP with the following:
· Successful in sequence delivery of NR PDCP PDUs to the UE from the corresponding node for user data associated with a specific data radio bearer;
· NR PDCP PDUs transmitted to the lower layers for user data associated with a specific data radio bearer;
· Downlink NR PDCP PDUs to be discarded for user data associated with a specific data radio bearer;
· Desired buffer size at the corresponding node for transmitting to the UE user data associated with a specific data radio bearer.
· Desired data rate in bytes at the corresponding node for transmitting to the UE user data associated with a specific data radio bearer;
· Successful in sequence delivery of NR PDCP PDUs to the UE from the corresponding node for retransmission user data associate with a specific data radio bearer;
· NR PDCP PDUs transmitted to the lower layers for retransmission user data associated with a specific data radio bearer.
· In case of RLC AM, the NR PDCP PDU sequence number successfully delivered out of sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs.
With the above information, the IAB-Donor-CU-UP can control the downlink data flow. However, if one of the child IAB node starts experiencing link problem and buffer starts to overflow, this e2e mechanism might not be able to react fast enough to throttle the data, as it doesn’t provide information to pin point at which link/node the congestion is occurring. 
Observation 1: The current DDDS based e2e flow control mechanism is not effective in detecting congestion problem at intermediate node
Based on the above discussions, for downlink flow control, a supplemental approach where the congested node indicates the congestion to the IAB donor is needed. See illustration in Figure 1.

[bookmark: _Ref728484]Figure 1: Congested intermediate IAB node indicates congestion
Noted, that this approach does not meant to be a replacement to the agreed upon e2e flow control mechanism, but rather a way to provide additional data points for the IAB donor-CU to react faster to congestion.
Observation 2: By having the congested intermediate node to send a congestion indication is not a replacement to the release 16 e2e approach, but rather a way to provides additional data points to the IAB donor-CU for flow control.
Proposal 1: In additional to e2e flow control using DDDS, IAB DL flow control should also include an explicit congestion indication from the congested node to the IAB donor.
There are two ways to send the congestion indication to the donor IAB-Donor-CU
1. Via Backhaul Adaptation control PDU: 
[bookmark: _GoBack]A BAP control PDU is delivered from the congested node to the IAB-Donor-DU, then from IAB-Donor-DU to IAB-Donor-CU. The advantage of this is the possibility of reusing the “control PDU for flow control feedback” as defined in section 6.2.3.1 of TS 38.340 [2] (See appendix). Whenever a flow control feedback is triggered, due to the buffer’s load exceeds a certain level, the congested node not only send a “control PDU for flow control feedback” to its parent node, but also to the IAB-Donor-DU. The disadvantage is (due to the BAP control PDU terminates at the IAB-Donor-DU) not only the F1 interface, but also the E1 interface needs to be modified in order to deliver this BAP control PDU all the way to the IAB-Donor-CU.

2. Via F1-u:
This method is by creating a new frame format in TS 38.425 [1], the frame can be similar in content to the “control PDU for flow control feedback” as defined in TS 38.340 [2]. The advantage of this method is be able to use the same protocol as the current e2e flow control. The disadvantage is a new frame format is needed.
Observation 3: There are two methods to send the congestion indication from the congested IAB node to the donor IAB-Donor-CU:
a. Via BAP control PDU
b. Via F1-u control frame
Based on the comparison of the above advantages and disadvantages of the two methods, method 2 requires less specification changes and uses the same protocol as the current e2e agreement, hence we proposed:
Proposal 2: Introduce a new frame format in TS38.425 [1] to use as a congestion indication, send from a congested intermediate IAB node to the IAB-Donor-CU.
Conclusion

In the present contribution we make the following observations:
Observation 1: The current DDDS based e2e flow control mechanism is not effective in detecting congestion problem at intermediate node
Observation 2: By having the congested intermediate node to send a congestion indication is not a replacement to the release 16 e2e approach, but rather a way to provides additional data points to the IAB donor-CU for flow control.
Observation 3: There are two methods to send the congestion indication from the congested IAB node to the donor IAB-Donor-CU:
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: In additional to e2e flow control using DDDS, IAB DL flow control should also include an explicit congestion indication from the congested node to the IAB donor.
Proposal 2: Introduce a new frame format in TS38.425 [1] to use as a congestion indication, send from a congested intermediate IAB node to the IAB-Donor-CU.
Appendix
The following shows the control PDU for flow control feedback from TS 38.340 [2]


BAP control PDU format for flow control feedback per BH RLC channel


BAP control PDU format for flow control feedback per routing ID
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