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1. Introduction
The WID on Integrated Access and Backhaul, including support of low latency scheduling in multi-hop network,  was approved [1]. Based on the corresponding email discussion outcome [2], RAN2#107 reached the following agreements [3] 
	· 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. 

· Discussion continuation postponed to next meeting (doc to be resubmitted as is) 


In this contribution, the details and possible issues of preemptive BSR are considered based the above discussions. 
2. Discussion 
2.1. Data volume calculation 
The preemptive BSR is expected to be used for the buffer status reporting that is based on the data available for transmission in MAC and RLC on the MT, but also the data volume to be available in the MT, as shown in Figure 1. It’s considered to be implied in the current assumption, “1. based on UL grants provided to child nodes and/or UEs, and 2. based on BSRs from child nodes or UEs” [2], although the agreement itself only mentioned the triggering condition of preemptive BSR. 
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Figure 1
 Example of buffer size on preemptive BSR 
Observation 1 Preemptive BSR may be expected to report the buffer size of the downstream IAB node / UE, plus the buffer size of MAC, RLC and BAP in its IAB node, in addition to the existing rule. 
In the current specification [4], the Regular BSR is triggered when the UL data is available for transmission; 

	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';


Observation 2 Regular BSR is triggered when the UL data becomes available to the MAC entity, according to the data volume calculation procedure in RLC (and PDCP). 
The existing data volume calculation procedure only takes into account of the UE behaviour, i.e., at UL data transmission, as follows [5]; 

	5.5
Data volume calculation

For the purpose of MAC buffer status reporting, the UE shall consider the following as RLC data volume:
-
RLC SDUs and RLC SDU segments that have not yet been included in an RLC data PDU;

-
RLC data PDUs that are pending for initial transmission;

-
RLC data PDUs that are pending for retransmission (RLC AM).

In addition, if a STATUS PDU has been triggered and t-StatusProhibit is not running or has expired, the UE shall estimate the size of the STATUS PDU that will be transmitted in the next transmission opportunity, and consider this as part of RLC data volume.


Observation 3 The existing data volume calculation procedure is only applicable to RLC on the MT. 
Considering above observations, the data volume calculation procedures should be enhanced to support the preemptive BSR. The following data volumes should be considered; 

· MAC (receiver side, i.e., on the DU): Buffer size reported in (existing) BSR from downstream node / UE, and MAC PDUs and MAC SDUs, that are still on MAC receiver, are considered as MAC data volume. 

· RLC (receiver side, i.e., on the DU): RLC PDUs and RLC SDUs, that are still RLC receiver, are considered as RLC data volume. 

· BAP: BAP PDUs, that are still in e.g., routing process, are considered as BAP data volume. 

These additional data volumes are eventually informed to the MAC (transmitter side, i.e., on the MT) and reported in the preemptive BSR. 

Proposal 1 RAN2 should agree that the buffer size reported in BSR from downstream node / UE, and MAC PDUs and MAC SDUs that are still on the MAC receiver, are included in the MAC specification for data volume calculation. 

Proposal 2 RAN2 should agree that the RLC PDUs and RLC SDUs that are still at the RLC receiver are included in the RLC specification as RLC data volume calculation. 

Proposal 3 RAN2 should agree that BAP PDUs still in e.g., the routing process are included in the BAP specification as BAP data volume calculation. 
These additional data volume calculation procedures are mainly located in the DU side (of intermediate IAB node), so it’s one option to leave it to DU implementation. However, from the upstream IAB node / donor’s DU perspective, the preemptive BSR is used for radio resource scheduling, that means the behaviour of downstream nodes (i.e., the intermediate node in this case) should be deterministic and controllable. Therefore, the activation/deactivation of each procedure should depend on the configuration via RRC or F1-AP. 
Proposal 4 RAN2 should discuss whether the additional data volume calculation procedures can be activated/deactivated through the configuration via RRC or F1-AP. 
2.2. MAC CE format 
Another discussion point in the email discussion was whether to reuse the existing BSR MAC CE or to define the new preemptive BSR MAC CE [2]. In other words, it was not yet decided whether or not the “expected data amount” should be differentiated from the existing buffer size, from the perspective of upstream DU’s scheduler. 
Although we had preferred to reuse the existing BSR MAC CE in [2], we noticed a possible issue after further analysis. Considering the multi-hop backhauling scenario, it’s unclear if the preemptive BSR should contain either the buffer status of all downstream IAB nodes (i.e., child, grandchild and great-grandchild; Option 1) or only the nearest hop (i.e., child and itself; Option 2), as shown in Figure 2. 
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Figure 2
 Options of buffer size contained in preemptive BSR 
Observation 4 It’s unclear whether or not the preemptive BSR contains the buffer size of all downstream nodes over multi-hop backhauling. 
Option 1 may offer the best performance in terms of low latency scheduling in case the resource allocations and UL data transmissions over multi-hop backhauling are done timely; Otherwise, the over-scheduling may happen on upstream backhauls.  On the other hand, Option 2 is safer scheme as it is a kind of hop-by-hop scheduling. 
If Option 1 is an issue or is configurable, the new MAC CE should be introduced to distinguish the expected data amount from the actual buffered data. Otherwise, we still think the existing MAC CE works well. 
Proposal 5 RAN2 should discuss whether a new MAC CE is introduced for the preemptive BSR, considering not only the scheduler implementation point of view but also the details of expected data amount (i.e., one from the nearest downstream nodes or all downstream  multi-hop nodes). 
2.3. Triggering condition 
RAN2 agreed that “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.” [3].  It could be intended these triggers happen aperiodic, i.e., event-triggered. In addition, the two types identified are based on plural form, i.e., “UL grants” and “BSRs”. 
Considering the intermediate IAB node handles more than one downstream nodes, as shown in Figure 3, the triggering of preemptive BSR to upstream is related to the multiple events on downstream, i.e., BSR receptions or UL grant provisions. In this case, a couple of major issues are observed as follows; 
· Issue 1: If the preemptive BSR is triggered by every downstream events, there’s too many triggering. 
· Issue 2: If the preemptive BSR waits for all downstream events, the triggering may be excessively delayed. 

It should be preferable that the triggering condition should be carefully defined to avoid these issues. 
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Figure 3
 Scenario for aperiodic triggering of preemptive BSR
Proposal 6 RAN2 should discuss the triggering for preemptive BSR, in consideration of multiple downstream nodes. 
3. Conclusion 
In this contribution, the details and potential issue of preemptive BSR is discussed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
Preemptive BSR may be expected to report the buffer size of the downstream IAB node / UE, plus the buffer size of MAC, RLC and BAP in its IAB node, in addition to the existing rule.
Observation 2
Regular BSR is triggered when the UL data becomes available to the MAC entity, according to the data volume calculation procedure in RLC (and PDCP).
Observation 3
The existing data volume calculation procedure is only applicable to RLC on the MT.
Proposal 1
RAN2 should agree that the buffer size reported in BSR from downstream node / UE, and MAC PDUs and MAC SDUs that are still on the MAC receiver, are included in the MAC specification for data volume calculation.
Proposal 2
RAN2 should agree that the RLC PDUs and RLC SDUs that are still at the RLC receiver are included in the RLC specification as RLC data volume calculation.
Proposal 3
RAN2 should agree that BAP PDUs still in e.g., the routing process are included in the BAP specification as BAP data volume calculation.
Proposal 4
RAN2 should discuss whether the additional data volume calculation procedures can be activated/deactivated through the configuration via RRC or F1-AP.
Observation 4
It’s unclear whether or not the preemptive BSR contains the buffer size of all downstream nodes over multi-hop backhauling.
Proposal 5
RAN2 should discuss whether a new MAC CE is introduced for the preemptive BSR, considering not only the scheduler implementation point of view but also the details of expected data amount (i.e., one from the nearest downstream nodes or all downstream  multi-hop nodes).
Proposal 6
RAN2 should discuss the triggering for preemptive BSR, in consideration of multiple downstream nodes.
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