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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
In the RAN2 #108 meeting [1], several agreements were reached regarding IAB flow control:
	· [bookmark: _Hlk24027658]We support O1 and O2, Which one to use is configurable

· R2 assumes that e.g. when the buffer load exceeds the certain level, the DL hop-by-hop flow control feedback should be triggered, the details of this trigger is left for implementation (in this Rel)
· We support Polling, Assume that polling trigger is not specified

· We use Available or desired buffer size (absolute e.g. MB kB)



In spite of this progress on IAB HbH flow control, many details remain to be agreed. Most related issues were raised and discussed in an e-mail discussion [108#51][IAB] BAP open issue [2]. However, several issues warrant further discussion on this topic. In this paper, we further elaborate several of these remaining issues for IAB HbH flow control and make several related proposals.
Discussion 
Backhaul flow control PDU format
In the e-mail discussion on BAP open issues [2] question 4 addressed flow control feedback, and the related control PDU format(s) for reporting of backhaul flow control information. Question 4.1 discussed the need for different control PDUs for reporting Option 1 (control PDU indicating BH RLC channel ID(s)) and Option 2 (a control PDU indicating routing ID(s)). Figures 4-1 and 4-2 of [2] (reproduced below) proposed example control PDUs formats for each of these two options:
[image: ]
Fig. 4-1 example (only) of option-1 (only for one RLC channel) [2]

[image: ]
Fig.4-2 example (only) for option-2 (only for routing ID) [2]
[bookmark: _GoBack]In the e-mail discussion [2] a clear majority of companies supporting two different control BAP PDU formats for Option 1 and Option 2 respectively. Furthermore, an overwhelming majority supported the ability of configuring an IAB node to report both of these formats.
[bookmark: _Hlk32538303]Proposal 1: An IAB node can be configured to report two different control PDU formats for HbH flow control information. One formats supports reporting the desired buffer size per BH RLC channel (Option 1) and the second supports reporting the desired buffer size per Routing ID (Option 2)  
In addition, question 4-4 [2] discussed implicit vs. explicit indication of the BH RLC channel in the backhaul flow control PDU. Figure 4-5 [2], reproduced below was proposed for explicit indication of the BH RLC channels for which flow control information is being reported. Note that with this proposal, the desired buffer size of several BH RLC channels are aggregated within a single control PDU: 
[image: ]
Fig. 4-5 explicit way of option-1 (for multiple BH RLC channels)
Comparing Figure 4-1 and 4-5, we can observe that in the case of reporting desired buffer size for multiple BH RLC channels, the aggregate report of 4-5 would have lower overhead. Also, if the report only includes a report for a single BH RLC channel, the two control PDU formats for Option 1 would be equivalent. Hence, the individual BH RLC reporting format of Figure 4-1 does not have any advantage compared to the aggregate reporting format of Figure 4-5.
Observation 1: the individual BH RLC reporting format of Figure 4-1 does not have any advantage compared to the aggregate reporting format of Figure 4-5
Note that congestion will typically be detected on the egress link from an IAB node. However, BH RLC channels have local link scope. Therefore, control PDUs containing Option 1 reports need to translate the desired buffer size information to the ingress link BH RLC channel when reporting it to the parent IAB node. Because of N-to-1 bearer mapping, congestion on any of several downstream egress links may impact the same BH RLC channel on the ingress link. Also, if an egress link is congested, it is very likely that this will impact all or most BH RLC channels traversing this link. Therefore, a congestion which impacts a single BH RLC channel may be very rare.
Observation 2: a congestion event impacting a backhaul link, will very rarely impact a single BH RLC channel.
Based on observations 1 and 2, the aggregate reporting format of Figure 4-5 seems the better choice for reporting flow control information in the case of Option 1 (indicating BH RLC channel and corresponding desired buffer size)
Proposal 2: RAN2 should support reporting the desired buffer size for multiple BH RLC channels in a single BAP control PDU  
Polling for backhaul flow control feedback
In RAN2#108 [1] it was agreed to support both autonomous reporting of flow control feedback (e.g. when the buffer load exceeds the certain level, the DL hop-by-hop flow control feedback should be triggered), as well as reporting of flow control feedback in response to polling from the parent IAB node.
In our understanding, these two mechanisms (autonomous and polled flow control feedback) serve different usage models. Autonomous feedback is reactive in nature and serves to indicate to the parent node to stop transmitting further data immediately, so that the child IAB node’s buffers do not overflow. On the other hand, polling is used to enable the parent node to take more proactive action to avoid congestion occurring.
During the e-mail discussion [2] there was some debate regarding several issues related to polling:
a) Do separate polling indicators need to be supported for Option 1 flow control feedback and Option 2 flow control feedback?
Per our understanding Option 1 and Option 2 flow control feedback provide different and complementary information to parent node regarding which flows are impacted by congestion. Therefore, we believe that the answer to this question should be yes, different polling indicators should be supported.
b) Should the child node respond to a polling indicator with the requested flow control feedback type (Option 1 vs. Option 2), or can the this be left to IAB node implementation?
In our understanding, when a parent IAB node polls the child node for a particular type of flow control feedback information, it expects to receive the type it requested. Different types of flow control may specifically be needed for different congestion avoidance algorithms implemented at the parent IAB node. Hence, leaving the selection of feedback type to the child node implementation seems rather strange. Note that in general, the parent and child IAB nodes may be provided by different vendors. So there is no guarantee of uniformity in the congestion avoidance algorithms implemented at different IAB nodes.
c) For which BH RLC channels (Option 1) or which BAP Routing IDs (Option 2) does the child IAB node need to provide desired buffer size reports in response to polling? 
Does the child only report desired buffer size for “congested” BH RLC Channels/BAP Routing IDs, or should it report desired buffer size for all configured BH RLC Channels/BAP Routing IDs in response to a polling indicator?
In our understanding with autonomous reporting the child IAB node provides desired buffer size feedback only for those BH RLC Channels/BAP Routing IDs for which it has detected congestion. However, in the case of polling the child IAB node does not know how the parent will use the desired buffer size information. Therefore, our view is that if a parent polls the child node for Option 1/Option 2 flow control feedback, the child node should respond be reporting the desired buffer size for every configured BH RLC channel/every configured BAP Routing ID.

Therefore, we have the following proposals:

Proposal 3: Separate polling indicators are supported for Option 1 and Option 2 flow control feedback

Proposal 4: The polled IAB node is expected to report Option 1 or Option 2 feedback as indicated by the polling indicator from the polling IAB node. The exception to this is only in the case that the polled IAB node does not support the indicated option, or if it has been configured by the network not to report that option.

Proposal 5: In case the IAB node is polled for Option 1 flow control feedback, it should report desired buffer size information for all BH RLC channels configured on its ingress interface.

Proposal 6: In case the IAB node is polled for Option 2 flow control feedback, it should report desired buffer size information for all BAP Routing IDs configured in the routing table.

Backhaul flow control configuration
Finally, some details need to be discussed regarding the configuration of flow control Options 1 & 2 at the IAB node. In RAN2#108 [1] it was clear that companies supported that the donor CU should be able to configure each IAB node to report either Option 1, Option 2, or both formats. However, it is less clear if this configuration applies to autonomous reporting, polled reporting, or both. Furthermore, it is not clear if the polling IAB node needs to be configured in addition to the polled IAB node, or whether the polled a single configuration suffices for both autonomous reporting from an IAB node, as well as which types of flow control information an IAB node can poll its children for.
Proposal 7: RAN 2 should discuss if configuration of the polling IAB node by the donor CU is needed, and if a single configuration parameter set applies to be autonomous and polled BH flow control reporting.
Conclusion
In this paper, we briefly discuss several remaining issues for IAB HbH flow control. We have the following observations and proposals:
Observation 1: the individual BH RLC reporting format of Figure 4-1 does not have any advantage compared to the aggregate reporting format of Figure 4-5
Observation 2: a congestion event impacting a backhaul link, will very rarely impact a single BH RLC channel
Proposal 1: An IAB node can be configured to report two different control PDU formats for HbH flow control information. One formats supports reporting the desired buffer size per BH RLC channel (Option 1) and the second supports reporting the desired buffer size per Routing ID (Option 2)
Proposal 2: RAN2 should support reporting the desired buffer size for multiple BH RLC channels in a single BAP control PDU.
Proposal 3: Separate polling indicators are supported for Option 1 and Option 2 flow control feedback

Proposal 4: The polled IAB node is expected to report Option 1 or Option 2 feedback as indicated by the polling indicator from the polling IAB node. The exception to this is only in the case that the polled IAB node does not support the indicated option, or if it has been configured by the network not to report that option.

Proposal 5: In case the IAB node is polled for Option 1 flow control feedback, it should report desired buffer size information for all BH RLC channels configured on its ingress interface.

Proposal 6: In case the IAB node is polled for Option 2 flow control feedback, it should report desired buffer size information for all BAP Routing IDs configured in the routing table.
Proposal 7: RAN 2 should discuss if configuration of the polling IAB node by the donor CU is needed, and if a single configuration parameter set applies to be autonomous and polled BH flow control reporting.
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