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1	Introduction
RAN2#107 has agreed to introduce a pre-emptive BSR. This BSR may be triggered by the reception of a BSR by the parent IAB node or by the grant provided by the parent IAB node to a child IAB node. 

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. 

This contribution looks further at the details of the pre-emptive BSR, the use cases, and connection of the BSR with the whole system.
[bookmark: _Ref178064866]2	Discussion
During the IAB work, it has been obvious that companies did not have a common view about under which conditions the pre-emptive BSR could be triggered. Different companies had different views and proposals for when this BSR should be triggered and also transmitted. It has also been observed that there may be some inefficiencies of using the pre-emptive BSR which will depend on the concrete network implementation. And, finally, it has not been proven, in any case, how the pre-emptive BSR and the suggested formats could help to minimize the delay. It will all depend on how it is implemented.
RAN2 has been only looking at the BSR and when to trigger it without looking at the role the BSR plays in scheduling and how the role the logical channel prioritization plays. Enhancements to the BSR cannot be looked in isolation but as an integral part of the system. When all these aspects are not considered in conjunction, it is likely that a potential BSR enhancement turns out to be a feature that can actually lead to performance degradation. 
Interaction between logical channel prioritization, grant, and BSR
Let’s suppose the following example. There are two logical channel groups, LCG1 and LCG2. The logical channels within LCG1 have higher priority than the logical channels in LCG2. Let’s suppose that a new BSR reports the expected and the buffered data sizes so that the BSR for LCG 1 indicates “Expected X, Buffered Y” and for LCG2 indicates “Expected W, Buffered Z”. 
We can assume 2 different cases: the network allocates a grant to transmit only to the buffered data, and the network allocates a grant to transmit buffered and expected data.
For the first case, the network will give a grant which to transmit the buffered data Y ≤ G ≤ Y+Z. The MT will allocate the received grant -G- according to the logical channel prioritization procedure. Since all LCIDs in LCG1 have higher priority than those in LCG2, the logical channel within LCG1 will get grants first and if anything is left, it will be allocated to the logical channels in LCG2. So, in principle, the grant may actually serve the buffered and expected data for the LCID in LCG1 when this was not the intention (if the expected data has already arrived at the sender of the BSR when the grant is received). 
For the second case, the network will give a grant big enough to transmit also the buffered data Y+Z ≤ G ≤ Y+Z+X+W. The MT will allocate the received grant -G- according to the logical channel prioritization procedure. Like in the previous case, the LCIDs within LCG1 will get the grants and any remaining grant will be for LCIDs within LCG2. The grant which include a part focus on LCG may actually serve instead the buffered and expected data for the LCID in LCG1 and whatever is remaining to the LCID in LCG2.
These examples show that providing the expected data separately from the buffered data does not help to do any better scheduling or do any type of differentiation due to the logical channel prioritization. When the grant is received, the logical channel prioritization will consider all the data available in the buffer of each selected LCID and, at this point, all the data available should be both the reported buffered data and the expected data. 
The same outcome is obtained in the reported buffer size would have been the total, expected + buffered. 
Providing expected data and buffered data separately does not give any benefit.
Another aspect to consider is that if a node receives a BSR that contains actual buffer and expected buffer indications and it will allocate a grant for both immediately, then it may lead to resource wastage because the expected data may not have arrived at the child node by the time the grant is received. Thus, in order to utilize the expected buffer indications in a proper manner, the node has to somehow predict when the data will be available at the child node. Consider the scenario shown below:
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Assume that IAB2_1 gets a BSR from one of its child nodes and it sends a new BSR to its parent IAB3_1 that contains buffered and expected data size. It can be quite difficult for IAB3_1 to predict when the data will be available at IAB2_1, as that depends on several factors such as the load/radio conditions between IAB2_1 and all its children, which IAB3_1 is not aware of. Thus, leaving it up to the parent node to figure out when the expected data will arrive at the child node is not likely to provide any latency gains and rather more likely to lead to resource wastage and overall performance degradation. On the other hand, it is reasonable to assume that IAB2_1 can do the prediction as it has all the relevant/needed information. It can then use this information to decide when to send the pre-emptive BSR. 
Latency gains may be achieved with pre-emptive BSR only if the expected data has arrived by the time the grant from the parent node is received. 
If predictions of when the expected data will arrive are not correct, radio resources will be wasted. 
If predictions of when the expected data will arrive are not likely to be correct, legacy BSR triggering and reporting is likely to be a better solution.
A child IAB has more information than a parent to predict when data that was expected will arrive at its buffer. 

In addition, due to the current agreement not to increase the number of logical channel groups, if 1-to-1 bearer mapping is employed, there can be a situation where a very high number of UE bearers (which do not necessarily have a similar QoS requirements) are grouped into one LCG during BSR reporting. This will limit the value of BSR reporting anyways, whether we are referring to regular BSR or pre-emptive BSR. On the other hand, for N-to-1 mapping, bearers with a similar QoS will be aggregated together over a given logical channel, and hence the same LCG. This means, in most cases, intermediate IAB nodes will most likely will have data in their buffers. And, in this case, padding BSRs, periodic BSRs, and regular BSRs (when triggered) will provide regular updates on the buffer size of each of the logical channel groups.
The BSR usefulness (be it regular or pre-emptive) can be very limited when 1-to-1 is used due to the unproportionate large amount of LCIDs, with different QoS requirements, which can be mapped to each LCG.
Way forward
Considering the observations above, the question is whether RAN2 should introduce a new BSR format and all the details. The interaction between logical channel prioritization, BSR and scheduling makes it difficult to use the expected data separately from the buffered data, as discussed above. 
Considering all these, we think 3GPP should provide sufficient implementation flexibility with regards when to trigger the BSR so that each network can choose the best strategy to reduce latencies. From our point of view, all RAN2 needs to do is to allow more flexibility to IAB nodes to trigger the legacy BSR so that it can be triggered in other situations as the ones discussed during the previous meetings. This approach minimizes the impact in RAN2 specs and allows the needed flexibility for network vendors to use the BSR in different ways. An example on how to allow flexibility and minimize impacts is shown in the Annex below. 
If RAN2 still wants to introduce a new BSR format that could be used to indicate actual and excepted data, then it should be completely optional for the network to support. That is, it should not restrict network implementations wanting to report expected and buffered data together, without distinction, using regular BSR (e.g. actual buffered data + data that is expected to be available by the time grant is received).

[bookmark: _Toc24033510]An IAB node may trigger a pre-emptive BSR based on other events such as BSRs or SRs received from child nodes/UEs and UL grants that the IAB node has provided to child nodes/UEs 
[bookmark: _Toc24033511]An IAB node can send the pre-emptive BSR to a parent node in one of the following two formats, based on network implementation:
a. [bookmark: _Toc24033512]A regular BSR that includes a BS which could be an aggregation of the buffered and expected data 
b. [bookmark: _Toc24033513]A BSR using a new format that contains separate BSs for the buffered and expected data
[bookmark: _Toc24033514]Support by IABs of the new BSR format is optional.

4	Conclusion
Based on the discussion in the previous sections we propose the following:

Proposal 1	An IAB node may trigger a pre-emptive BSR based on other events such as BSRs or SRs received from child nodes/UEs and UL grants that the IAB node has provided to child nodes/UEs
Proposal 2	An IAB node can send the pre-emptive BSR to a parent node in one of the following two formats, based on network implementation:
a.	A regular BSR that includes a BS which could be an aggregation of the buffered and expected data
b.	A BSR using a new format that contains separate BSs for the buffered and expected data
Proposal 3	Support by IABs of the new BSR format is optional.
 
[bookmark: _In-sequence_SDU_delivery]Annex

[bookmark: _Toc20428300]5.4.5	Buffer Status Reporting
The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR:
-	periodicBSR-Timer;
-	retxBSR-Timer;
-	logicalChannelSR-DelayTimerApplied;
-	logicalChannelSR-DelayTimer;
-	logicalChannelSR-Mask;
-	logicalChannelGroup.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The maximum number of LCGs is eight.
The MAC entity determines the amount of UL data available for a logical channel according to the data volume calculation procedure in TSs 38.322 [3] and 38.323 [4].
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';
-	UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding 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';
-	periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
NOTE:	When Regular BSR triggering events occur for multiple logical channels simultaneously, each logical channel triggers one separate Regular BSR.
An IAB-MT node may trigger a Regular BSR based on other events such as UL grants that the IAB node has provided to child nodes and/or UEs, on BSRs or SRs received by the IAB from child nodes or UEs. The BS to be indicated in the BSR is determined by the IAB-node based on the buffered data, the UL grants, receivd BS in the BSRs from child nodes and/orUEs, or any combination of these. 
For Regular BSR, the MAC entity shall:
1>	if the BSR is triggered for a logical channel for which logicalChannelSR-DelayTimerApplied with value true is configured by upper layers:
2>	start or restart the logicalChannelSR-DelayTimer.
1>	else:
2>	if running, stop the logicalChannelSR-DelayTimer.
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