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1 Background
In the RAN2#108 meeting, the following agreements were achieved regarding pre-emptive BSR [1]:

[image: image1]
With these agreements most of the controversial issues related to pre-emptive BSR have been addressed. However, as indicated by the FFS, some issues remain to be completed. For the case of dual connectivity, the MAC layer of the IAB node’s MT has two peer MAC entities (one at each parent IAB node or donor DU). A BH RLC channel would only be mapped to one Cell Group (Master or Secondary), and hence only a single backhaul link. However, as the pre-emptive BSR is generated before the actual data arrives at the reporting IAB node, there is no way for the IAB node to know definitively which BH RLC channel on an ingress upstream link will have data. Therefore, there is ambiguity in mapping the pre-emptive BSR report to one or the other Cell Group. Hence, it is not clear towards which peer MAC entity a pre-emptive BSR should be reported, nor what volume of expected data should be reported to each peer MAC entity. Similarly, even in the single connected case, the volume of expected data that should be reported by a pre-emptive BSR for each LCG is ambiguous. If this limitation is not addressed, the buffer status information conveyed by the pre-emptive BSR is of questionable value. 
In this paper, we propose a solution to address the ambiguity of pre-emptive BSR reporting that has minimal impact to both the spec and implementation.

2 Discussion
2.1 Ambiguity of egress LCH data volume estimates
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. However, the parent can only provide grants for the upstream egress BH link, and not for any of the child node’s ingress BH links. Therefore, a pre-emptive BSR should report expected data corresponding to the LCGs of the upstream egress BH link, rather than LCGs corresponding to any ingress BH link or access link from a UE served by the IAB node. 

Observation 1: The parent node provides grants for the egress BH link. A pre-emptive BSR should report expected data corresponding to the LCGs of the upstream egress BH link, and not the LCGs of any particular ingress BH or served UE’s access link.
In order to trigger a normal BSR, the MAC layer must first be aware of the corresponding logical channel for which data is available. In the case of pre-emptive BSR the data has not yet arrived at the IAB node, and so it is clearly not possible for the MAC entity of the node’s MT to know what volume of data for each upstream egress logical channel. 
Figure 1 below shows an example of three BH RLC channels mapped to two different LCGs on the ingress link (LCG1 and LCG2) at the child IAB node. The BAP layer of the parent IAB node performs routing and RLC bearer mapping of ingress to egress RLC channels. Then the egress RLC channels are mapped to egress LCGs (LCG3 and LCG4) at the parent IAB node. In this example, if the parent IAB node receives a BSR from its child node, this BSR reports data volumes for LCG1 and LCG2. However, LCG2 aggregates data from two BH RLC channels at the child node. Therefore, the parent node can note differentiate from the BSR how much of this reported data volume will correspond to each BH logical channel, and correspondingly to LCG3 or LCG4. Therefore, there would be ambiguity in the estimated data volume to report for each LCG in a pre-emptive BSR report towards the next upstream node.
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Figure 1: BH RLC channel mapping with data volume ambiguity

Note that there is no similar ambiguity regarding LCG1 in Figure 1, since the single BH RLC channel mapped to LCG1 at the child is mapped to a corresponding BH RLC channel and LCG4 at the parent. Therefore, the parent node unambiguously knows that whatever data volume is reported for LCG1 will contribute to the data volume that should be reported for LCG4 in a pre-emptive BSR. 

A simple approach to avoid ambiguity of the expected data volume reported by pre-emptive BSR for egress BH link LCGs, is to map ingress link LCGs directly to egress link LCGs. In other words, if all the BH RLC channels corresponding to the LCG of an ingress link map to BH RLC channels associated with a single LCG on the egress BH link, there would be no ambiguity in data volume reporting. Figure 2a shows an example of such an association. If the parent IAB node receives a BSR from the child node, it knows that the data volume reported for LCG1 on the ingress link, correspond to data for some logical channels mapped to LCG3 on the egress link. And similarly, the data volume reported for LCG2 will correspond to logical channels mapped to LCG4 on the egress link. The latter is true, even though the parent IAB node does not know how much of the data volume reported for LCG2 belongs to each of its constituent BH RLC channels.
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Figure 2a: BH RLC channel mapping without data volume ambiguity (1-to-1 LCG mapping)
The example of Figure 2a illustrated the case of 1-to-1 mapping between ingress and egress LCGs. Note that this is not a hard restriction. Figure 2b illustrates another example without data volume ambiguity. Here, all three ingress BH RLC channels are mapped to a single egress LCG. Still the parent IAB node knows that the BH RLC channels mapped to ingress LCG1 and those mapped to ingress LCG2 will all map to egress LCG3. Therefore, the data volume reported for LCG3 in a pre-emptive BSR can just be the sum of the data volumes reported for LCG1 and LCG2 in a BSR from the child node. It is clear that the criteria to avoid data volume ambiguity in a pre-emptive BSR report, is that all of the BH RLC channels mapped to an ingress LCG should also map to a single egress LCG. Furthermore, multiple ingress LCGs can map to a single egress LCG.
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Figure 2b: BH RLC channel mapping without data volume ambiguity (many-to-1 LCG mapping)

Observation 2: The criteria to avoid data volume ambiguity in a pre-emptive BSR report, is that all of the BH RLC channels mapped to an ingress LCG should map to a single egress LCG (ingress LCG to egress LCG mapping). Furthermore, ingress LCG to egress LCG mapping can be either 1-to-1 or many-to-1.
Proposal 1: In order to remove ambiguity for pre-emptive BSR data volume reporting, all BH RLC channels of an ingress link LCG are mapped to a single egress BH link LCG. 
Figure 3 illustrates such a mapping of ingress to egress LCGs for pre-emptive BSR reporting. In this illustration IAB nodes 0 & 1 are both child nodes of IAB node 2. Without loss of generality, we have assumed that the DU of IAB node 2 receives normal BSR reports from both IAB node 0 and IAB node 1. IAB node 0 reports a normal BSR that includes a buffer status report for LCGi of the corresponding BH Link (IL0). Similarly, IAB node 1 reports a normal BSR that includes a buffer status report for LCGj of the corresponding BH Link (IL1).

IAB node 2 maps the BH RLC channels from its ingress links to correspond RLC channels on its egress link (and as a result to egress LCGs). According to this mapping, LCGi of ingress link IL0 maps to LCGk of the egress BH link EL3. Similarly, LCGj of ingress link IL1 is mapped to LCGp of the same egress BH link EL3. Finally, a pre-emptive BSR is generated and reported on egress BH link EL3 towards IAB node 3 (the parent node of IAB node 2). This pre-emptive BSR reports the estimated data volumes for both LCGk and LCGp.
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Figure 3: Mapping of ingress to egress LCGs for pre-emptive BSR

Note that LCGj may be the same LCG, or a different LCG than LCGk. In other words, IL0: LCGi and IL1: LCGj may map to the same egress LCG or different egress LCGs at IAB node 2. If for example, IL0: LCGi and IL1: LCGj both map to EL3: LCGk, then the estimated data volume of LCGk reported in the pre-emptive BSR would aggregate the buffer sizes of IL0: LCGi and IL1: LCGj reported by the normal BSRs on the ingress links. Additionally, LCGk and/or LCGp may aggregate reported buffer size from other LCGs of other ingress links.
As observed previously BH RLCs have local link scope. Furthermore, each IAB node maps its ingress BH RLC channels (ingress link LCHs) to ingress link LCGs. This mapping is then communicated to the MT of its child node using RRC signaling via the donor CU. The IAB node is aware of the mapping of ingress link to egress link RLC channels (as configured by the donor CU using F1AP), and it also knows the mapping of egress BH RLC channels to egress LCGs (configured to it via RRC). Therefore, it has all the information needed to map ingress link BH RLC channels to ingress link LCGs such that the criteria for unambiguous pre-emptive BSR data volume reporting is met (per proposal 1). It is straightforward to achieve the appropriate mapping via implementation, and therefore no specific configuration is needed from the network to the IAB node.
Proposal 2: If pre-emptive BSR is supported by an IAB node, it maps ingress BH RLC channels (ingress LCH) to ingress link LCGs such that unambiguous pre-emptive BSR data volume reporting is guaranteed. How to achieve this mapping is left to IAB node implementation.
2.2 Pre-emptive BSR for multi-connected IAB node
Having addressed the ambiguity of pre-emptive BSR data volume reporting, in this section we address how to support pre-emptive BSR in case the IAB node is multi/dual connected. Again, the concern is that until the data actually arrives at the IAB node from its child node, there is no way to determine how the data will be routed (towards which UL cell group). Hence, there is ambiguity as to how to estimate the volume of data that needs to be reported by a pre-emptive BSR towards the MAC entity of each egress link’s parent node. 
Figure 4 illustrates the case where two BH RLC channels are mapped to a single ingress LCG (LCG1). At the parent IAB node, both BH RLC channels are mapped to the same LCG (LCG2) on the egress link. However, one of the BH RLC channels is mapped to the master Cell Group, while the second is mapped to the secondary cell group. When the parent IAB node receives a BSR report for LCG1, it can not differentiate how much of the reported data volume corresponds to each BH RLC channel. Therefore, it can not distinguish what data volume it should report for LCG2 on the Master CG (towards the MAC entity of the Master CG’s parent node), and how much it should report for LSG2 on the Secondary CG (towards the MAC entity of the Secondary CG’s parent node).
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Figure 4: Ambiguous mapping of ingress LCGs to egress LCG with dual connected IAB node

We can extend the approach discussed in section 2.1 for the single connectivity case, to address the ambiguity of the dual/multi-connectivity case as well. Figure 5 illustrates an example of how this can be achieved. Here one BH RLC channel is mapped to LCG4 on the Master CG, while two BH RLC channels map to LCG4 on the Secondary CG. However, unlike Figure 3, the mapping of ingress LCHs to LCGs on the different egress cell groups is unambiguous. The parent IAB node knows that any data volume reported in a BSR from the child node for either LCG1 or LCG3 corresponds to BH RLC channels mapped to LCG4 on the Secondary CG. Whereas, any data volume reported for LCG2 corresponds to a BH RLC channel mapped to LCG4 on the Master CG. Therefore, the MAC entity of the parent IAB node can unambiguously generate pre-emptive BSRs for both Master and Secondary CG towards the peer MAC entities at their respective parent IAB nodes. Furthermore, these pre-emptive BSRs can be generated and reported independently for each peer MAC entity.

Observation 3: In the case of dual/multi-connectivity, the criteria to avoid data volume ambiguity in a pre-emptive BSR report, is that BH RLC channels mapped to different egress Cell Groups should be mapped to different ingress LCGs. With this constraint, pre-emptive BSRs can be generated by the MT MAC entity for each CG independently and need only be reported to the parent node where the peer of that MAC entity resides.
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Figure 5: Unambiguous mapping of ingress LCGs to egress LCG with dual connected IAB node
Figure 6 illustrates an example of differentiated pre-emptive BSR reporting for a dual connected IAB node. Here IAB node 1 has only one parent node (IAB node 2). However, IAB node 2 is dual connected to two parent nodes (IAB node 3 and IAB node 4). Between IAB node 1 and IAB node 2, all data is routed over a single BH link. At IAB node 2 some data is routed towards the parent IAB node 3 (e.g. addressed to BAP ID3), while other data is routed towards parent IAB node 4 (e.g. addressed to BAP ID4).
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Figure 6 Differentiated pre-emptive BSR reporting for dual connected IAB node

Data from the same ingress RLC channel (RLC Ch0) is mapped by the BAP layer of IAB node 1 to different egress RLC channels (RLC Ch1 or RLC Ch2) depending on the packet’s BAP ID. Both RLC channels 1 and 2 may have similar QoS treatment on the BH link between IAB node 1 and IAB node 2 (similar treatment by the scheduler). However, by defining these two BH RLC channels, that in turn correspond to separate LCHs (LCH5 and LCH7 in this example), it is possible to map their respective data volumes to different LCGs (LCGi and LCGj in this example), and report the corresponding buffer sizes separately to the parent IAB node (IAB node 2). At IAB node 2, these different ingress link LCGs are mapped to LCGs on separate egress BH links (different Cell Groups). In the example of Figure 6, LCGi of ingress link IL1 is mapped to LCGk of egress link EL3. Whereas, LCGj of ingress link IL1 is mapped to LCGp of egress link EL4. Therefore, the MAC entity of each egress BH link at IAB node 2 can independently trigger and generate a pre-emptive BSR toward the peer MAC entity of its parent node.

Note that the mapping of ingress RLC Ch0 to different egress RLC channels based on the BAP address at IAB node 1 can be achieved by appropriate bearer mappings configured by the Donor CU. While the mapping of RLC Ch1 (LCH 5) and RLC Ch2 (LCH 7) to ingress LCGi and ingress LCGj, can be configured by IAB node2 (as in the case of single connected IAB node discussed in section 2.1). Therefore, all these mappings can be achieved by implementation, and without any new stage 3 agreements.
Proposal 3: If pre-emptive BSR is supported by a multi-connected IAB node, the node maps ingress BH RLC channels (ingress LCH) to ingress link LCGs such that BH RLC channels mapped to different egress Cell Groups are mapped to different ingress LCGs. How to achieve this mapping is left to IAB node implementation. 

Proposal 4: For a multi-connected IAB node, pre-emptive BSRs (and corresponding SR if needed) are generated by the MAC entity of each BH link independently. The pre-emptive BSR is only reported to the parent node where the peer of that MAC entity resides.
3 Conclusion and Proposals
In this paper, we proposed a solution to address both pre-emptive BSR data volume ambiguity and pre-emptive BSR reporting for dual connectivity. The solution proposed depends on IAB node implementation and appropriate configuration by the Donor CU, while imposing very minimal constraints on the mapping of BH RLC channels (BH LCHs) to LCGs at the IAB node. As such the proposed solution can resolve the remaining FFS on pre-emptive BSR with minimal stage 3 impact. 
We have the following observations and proposals:

Observation 1: The parent node provides grants for the egress BH link. A pre-emptive BSR should report expected data corresponding to the LCGs of the upstream egress BH link, and not the LCGs of any particular ingress BH or served UE’s access link.

Observation 2: The criteria to avoid data volume ambiguity in a pre-emptive BSR report, is that all of the BH RLC channels mapped to an ingress LCG should map to a single egress LCG (ingress LCG to egress LCG mapping). Furthermore, ingress LCGs to egress LCG mapping can be either 1-to-1 or many-to-1.

Observation 3: In the case of dual/multi-connectivity, the criteria to avoid data volume ambiguity in a pre-emptive BSR report, is that BH RLC channels mapped to different egress Cell Groups should be mapped to different ingress LCGs also. With this constraint, pre-emptive BSRs can be generated by the MT MAC entity for each CG independently and need only be reported to the parent node where the peer of that MAC entity resides.
Proposal 1: In order to remove ambiguity for pre-emptive BSR data volume reporting, all BH RLC channels of an ingress link LCG are mapped to a single egress BH link LCG
Proposal 2: If pre-emptive BSR is supported by an IAB node, it maps ingress BH RLC channels (ingress LCH) to ingress link LCGs such that unambiguous pre-emptive BSR data volume reporting is guaranteed. How to achieve this mapping is left to IAB node implementation.

Proposal 3: If pre-emptive BSR is supported by a multi-connected IAB node, the node maps ingress BH RLC channels (ingress LCH) to ingress link LCGs such that BH RLC channels mapped to different egress Cell Groups are mapped to different ingress LCGs. How to achieve this mapping is left to IAB node implementation. 
Proposal 4: For a multi-connected IAB node, pre-emptive BSRs (and corresponding SR if needed) are generated by the MAC entity of each BH link independently. The pre-emptive BSR is only reported to the parent node where the peer of that MAC entity resides. 
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We specify a new BSR (with a new format), for pre-emptive BSR. 


For the new BSR


- differentiate in BSR available data (as today) and expected data. 


- Associating a LCH with pre-emptive BSR is left to implementation, unless issues are identified requiring normative solutions. 


- FFS if SR and BSR generated by a MAC entity need or can only be reported to the parent node where the peer of that MAC entity resides. 


- On Triggering of pre-emptive BSR, can capture some text similar to the current agreements, in stage-3/2. 


- Exact timing etc is up to implementation
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