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1 Introduction
In the RAN2#105bis meeting, the following agreement was achieved for UL scheduling latency reduction [1]:
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In RAN2#106, it was agreed to have an e-mail discussion on low-latency scheduling enhancements for IAB [106#46], in order to pave the way for on-line agreements. The report from this e-mail discussion is captured in [2].

The report from the e-mail discussion [2] was partially discussed in RAN2#107, and the following preliminary agreements were reached [3]:
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In this paper, we further discuss and elaborate some key points related to IAB low-latency UL scheduling enhancements.

2 Discussion
In the IAB SI phase it was proposed that if an IAB-node received a buffer status report (BSR) from a child node, or a UE that the IAB node serves, it need not wait for the arrival of the actual data before requesting UL resources from its parent node. Rather, the IAB node could estimate the amount of data it expects to receive, and preemptively send a BSR to its parent node, such that it could be granted UL transmission resources once the actual data had arrived from its child node. In this way, the total latency for data transmissions in the UL direction could be minimized. Figure 1 below illustrates how this process might work:
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Figure 1: Pre-emptive BSR transmission

By studying figure 1 several salient points can be noticed. First, the DU part of IAB node 2 needs to estimate the amount of data it will receive from its child node. Second the MT part of IAB node 2 should trigger and generate the actual pre-emptive (or early) BSR towards the parent IAB node (IAB node 3). RAN 2 needs to define how both the conditions for triggering a pre-emptive BSR, as well as what information needs to be reported by a pre-emptive BSR, and the actual meaning or interpretation of this pre-BSR info. 
2.1 Triggering of Pre-BSR

In the e-mail discussion [106#46] and related contributions to previous meetings, two approaches were mainly considered as candidates to trigger the transmission of a pre-emptive BSR by IAB node 2: 1) The reception of an SR/BSR from a child node, or 2) an UL grant provided to a child node. Each of these approaches has its pros and cons. Without the information provided by a BSR from the child node, IAB node 2 of figure 1 has no information to estimate the data volume it might receive. On the other hand, it can be argued that the air interface resources provided to the child node in an UL grant is a more accurate indicator of the actual amount of data that will arrive, and when it will arrive at IAB node 2. In RAN2#107 it was agreed that both types of triggers for pre-emptive BSR can be supported for IAB Rel-16 operation [3].
The MAC spec 38.321 defines several different events that trigger a BSR. Furthermore, the BSR triggering is dependent on the type of BSR (Regular BSR, Padding BSR, or Periodic BSR). It is not clear whether all three of these BSR reporting types need to be supported for Pre-BSR. However, since it was agreed that Pre-BSR can be triggered by either the reception of a BSR from, or the transmission of an UL grant to the child node, it would appear that at least the Regular Pre-BSR should be supported.
Proposal 1: At least Regular Pre-BSR is supported by an IAB node in Rel. 16. Whether to also support a Padding Pre-BSR, and/or a Periodic Pre-BSR can be FFS.
Focusing on the case of Regular BSR, 38.321 defines the following trigger events:
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With N-to-1 bearer mapping, an IAB node will aggregate data from multiple UEs that it serves, and potentially along with data of multiple of its child IAB nodes into a single BH RLC channel towards a parent node. If a pre-emptive BSR is triggered every time a BSR is receive from a UE or child node, or every time an UL grant is scheduled for a UE or child node, this will potentially generate a huge volume of pre-emptive BSRs towards the parent IAB node. Furthermore, it is not clear that such granularity of reporting would be useful to the parent IAB node, as the parent can only provide grants for the egress BH link, and not any of the ingress BH links. Thus triggering of Pre-BSR should consider LCGs of the upstream egress BH link, rather than any single ingress BH or link or access link towards a UE served by the IAB node. 

Observation 1: The parent node provides grants for the egress BH link. For the BS information reported in a pre-emptive BSR to be useful for the parent node, the reported BS info must account for the aggregation of traffic from different UEs, UE bearers, and child IAB nodes into the same BH RLC channel.
Proposal 2: Triggering of Pre-BSR should consider logical channels mapped to LCGs of the upstream egress BH link, and not the LCGs of any particular ingress BH or access link.
In order to trigger a Regular BSR, the MAC must first be aware of the corresponding logical channel for which data is available. However, since in the case of Pre-BSR the data has not yet arrived at the IAB node, this is clearly not possible, in general. At most the MAC of the IAB-Node’s MT may have information about the LCGs reported in the BSR from the child node. Therefore, the logic triggering a Regular Pre-BSR must be different than that for a Regular BSR.
One approach could be to assume that the BSR from the child node (which is reported on an upstream ingress link) is always triggered because of the availability of data for the highest priority logical channel mapped to any of the LCGs for which data availability is reported in the child’s BSR. The IAB-Node MT’s MAC may then compare this “assumed” priority with the priority of its upstream egress link logical channels currently containing available UL data, and trigger the transmission of a Pre-BSR accordingly.
Proposal 3: RAN2 should discuss and agree the exact mechanism to trigger a Pre-BSR, how the IAB node determines the priority of BS info reported on an ingress link from a child node, and to compare this to the priority of egress link logical channels that have available data. 
2.2 Data Volume Reporting in Pre-BSR

It should be kept in mind that an UL grant does not specify exactly how granted resources should be utilized by a child node for the transmission of data from different radio bearers, whereas this can only be determined by the logical channel prioritization at the UE or child node. On the other hand, the buffer status information contained in a BSR from a child node, is itself not at the granularity of logical channel, but rather aggregated into LCGs. As such, there will be inherit inaccuracies in estimating the volume of UL data corresponding to different bearers. 

In addition to this, as was also pointed to in the e-mail discussion [106#46], even if the DU of IAB node 2 could accurately estimate the amount of data for each bearer, data may be routed differently by the BAP of IAB node 2, particularly in the case of IAB multi-connectivity. Thus there is some ambiguity as to exactly what the MT of IAB node 2 should report in a pre-emptive BSR towards a parent node.
Observation 2: There are inherent inaccuracies in the estimation of “expected” future buffer occupancy for an upstream egress BH link, and corresponding UL resource requirements for different BH bearers.
One approach that RAN2 could take, is to not attempt to strictly specify how the IAB node estimates “expected” future UL buffer occupancy and UL resource requirements for different BH bearers (and correspondingly the content of a pre-BSR). Rather, such details could be left to IAB node implementation. Having said that, it is not clear how useful such a pre-BSR report would be to the parent node.

Another possibility would be to attempt to eliminate, or at least minimize the ambiguity of pre-BSR info reported to a parent node. Certain constraints could be put on mapping of logical channels to LCGs for upstream ingress and egress backhaul links. For example, if all the logical channels that are mapped to a LCG of an ingress BH link, were constrained to map to a single LCG of an egress BH links (i.e. each LCG of an ingress BH link is “contained” within a single LCG of an egress BH link), then the ambiguity of reported BSR info could be largely eliminated, or at least minimized.
Proposal 4: RAN2 should consider and evaluate constraining the mapping of logical channels to LCGs on ingress and egress BH links, in order to eliminate as much as possible the ambiguity of BSR info reported in a pre-BSR to a parent IAB node.
2.3 Interpretation of buffer status info reported by pre-BSR
Clearly the BS information for a normal BSR is different than that for a pre-emptive BSR. In the former case, the BS info reported is an accurate reflection of the volume of data that is present in the buffers of the MT for IAB node 2. Whereas, in the latter case, the BS info reported is an “estimate” of the volume of data that may arrive in the egress BH link buffers at some future time. Thus, it is important that a parent IAB node be able to differentiate between a BSR report and a pre-BSR report. One approach to achieve this would be to define a new MAC CE specifically for pre-emptive BSRs. Another approach may be to define a new MAC CE, in which both normal (actual) and pre-emptive (estimated) BS information can be reported to the parent node (IAB node 3), while clearly differentiating between these two types of reports.

Observation 3: BS info of expected data should be clearly differentiated from actual BS info when reporting pre-emptive BSR information to a parent IAB node.
Proposal 5: A new MAC CE should be defined for pre-BSR reporting. Whether this report provides only “estimated” BS info, or “estimated” BS plus actual BS info is FFS.
Consider the case where an IAB node (node 2) receives a BSR from a child node (node1) and triggers a pre-BSR towards a parent node (node 3). Before, receiving any grant from its parent node, the IAB node (node 2) may provide a grant to the child node to transmit its data. This grant may now trigger the transmission of a second pre-BSR towards the parent node (node 3). Clearly this grant may or may not provide enough resources for the child node to transmit all of the data within its buffer that generated the original BSR. Thus the “estimated” BS info reported in the second pre-BSR may be less that the “estimated” BS info reported in the first pre-BSR. It is not clear how the parent IAB node (node 3) should interpret these two pre-BSR reports. Should the parent node (node 3) assume that the info of the second pre-BSR overrides the info reported in the first pre-BSR (and that the first pre-BSR could be ignored), or does the IAB node (node 2) need to indicate to its parent that these two pre-BSRs had different triggers?

Proposal 6: As two different type of events can trigger a pre-BSRs (reception of an BSR from a child node or granting UL resources to a child node) RAN2 should decide if the type of trigger event should be indicated in the pre-BSR. 
Assume that the child node (node 1) then transmits upstream data based on the grant provided by IAB node 2. If the grant was not large enough to accommodate all of the data that triggered the original BSR, then presumably the child node would transmit another BSR to IAB node 2 when its retxBSR-Timer expires. In the meantime, arrival of the data from the child node should trigger a regular-BSR from IAB node 2 to its parent (node 3). This regular-BSR reports “actual” not “estimated” BS info to the parent node. Accordingly, IAB node 2 may now have a different “estimate” of data that it expects to receive from its child node (node 1) in the future. Should this “new” estimate trigger a new pre-BSR to be reported to the parent node (node 3)? Should the new “estimated” BS info be reported simultaneously with the regular BSR to the parent node? Furthermore, what is the criteria for cancelling a pre-BSR at node 2? Clearly many questions still remain regarding the triggering and cancellation of pre-BSRs, and the potential interactions between reporting of BSRs and pre-BSRs from an IAB node.

Proposal 7: RAN2 should consider the potential interaction between the triggering and reporting procedures for BSRs and pre-BSRs, and clearly specify these procedures.
3 Conclusion and Proposals
In this paper, we discussed some key points related to low-latency UL scheduling enhancements for IAB. We have the following observations and proposals:
Observation 1: The parent node provides grants for the egress BH link. For the BS information reported in a pre-emptive BSR to be useful for the parent node, the reported BS info must account for the aggregation of traffic from different UEs, UE bearers, and child IAB nodes into the same BH RLC channel.

Observation 2: There are inherent inaccuracies in the estimation of “expected” future buffer occupancy for an upstream egress BH link, and corresponding UL resource requirements for different BH bearers.
Observation 3: BS info of expected data should be clearly differentiated from actual BS info when reporting pre-emptive BSR information to a parent IAB node.
Proposal 1: At least Regular Pre-BSR is supported by an IAB node in Rel. 16. Whether to also support a Padding Pre-BSR, and/or a Periodic Pre-BSR can be FFS.
Proposal 2: Triggering of Pre-BSR should consider logical channels mapped to LCGs of the upstream egress BH link, and not the LCGs of any particular ingress BH or access link.

Proposal 3: RAN2 should discuss and agree the exact mechanism to trigger a Pre-BSR, how the IAB node determines the priority of BS info reported on an ingress link from a child node, and to compare this to the priority of egress link logical channels that have available data.

Proposal 4: RAN2 should consider and evaluate constraining the mapping of logical channels to LCGs on ingress and egress BH links, in order to eliminate as much as possible the ambiguity of BSR info reported in a pre-BSR to a parent IAB node.

Proposal 5: A new MAC CE should be defined for pre-BSR reporting. Whether this report provides only “estimated” BS info, or “estimated” BS plus actual BS info is FFS.

Proposal 6: As two different type of events can trigger a pre-BSRs (reception of an BSR from a child node or granting UL resources to a child node) RAN2 should decide if the type of trigger event should be indicated in the pre-BSR.

Proposal 7: RAN2 should consider the potential interaction between the triggering and reporting procedures for BSRs and pre-BSRs, and clearly specify these procedures. 
References
[1] Chairman notes, RAN2#105bis.
[2] R2-1910028, Report on email discussion [106#46][IAB]: Low-latency scheduling, Samsung, RAN2 #107.
[3] Chairman notes, RAN2#107.
One method by which the IAB-node can reduce UL scheduling latency is through signalling of SR and/or BSR to its parent node, e.g., based on UL grants provided to child nodes and/or UEs, or based on SRs and/or BSRs from a child nodes or UEs.





Will have “preemptive” BSR. 


 R2 assumes that any new triggering rules are only introduced for pre-emptive BSR, i.e. SR triggering is then governed by NR Rel-15 baseline (pre-emptive BSR = regular BSR from SR triggering point of view).


 R2 assumes that Both types of triggers for pre-emptive BSR that were discussed (1. based on UL grants provided to child nodes and/or UEs, and 2. based on BSRs from child nodes or UEs) can be supported for IAB Rel-16 operation. FFS what details need to be specified.





A BSR shall be triggered if any of the following events occur:


-	UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either


-	this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or


-	none of the logical channels which belong to an LCG contains any available UL data.


	in which case the BSR is referred below to as 'Regular BSR';


-	…


-	retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';


-	…
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