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[bookmark: _GoBack]1	Introduction
In RAN2 #107, the agreements of low-latency IAB uplink scheduling were as below,
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. 

In this paper, we focus on the new triggering rules introduced for preemptive BSR. From the email discussion [1], the following two consensuses were proposed: 
Proposal 1:	NR Rel-15 SR/BSR triggers, formats and procedures shall be supported as-is by the IAB nodes, as baseline.
Proposal 7:	Associating a LCH with preemptive BSR is left to implementation, unless issues are identified requiring normative solutions.
As keeping the logic of BSR signalling reduction in Rel-15 that limit the Regular BSR trigger not to occur frequently, two trigger rules are analysed and proposed for preemptive BSR in IAB network. 
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK52]2	Discussion
2.1 Trigger condition of Regular BSR in Rel-15
In Rel-15 TS 38.321, a Regular BSR shall be triggered if 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';
In order to reduce the Regular BSR overhead, the two restrictions, i.e., a logical channel with higher priority and LCG configuration, were designed since LTE. For the IAB network, we think that the same logic of Regular BSR trigger should be kept for the introduction of preemptive BSR. 
Observation 1: The two restrictions in trigger condition limit the Regular BSR trigger not to occur frequently, so signalling overhead can be reduced. 
Proposal 1: The same logic of BSR overhead reduction should be kept for the introduction of preemptive BSR. 

2.2 Trigger condition for preemptive BSR
Figure 1 illustrates a scenario of preemptive BSR. IAB-3 serves UE2 and UE3, IAB-2 serves UE1 and IAB-3, IAB-1 serves IAB-2, and IAB-donor serves IAB-1. During the bearer setup phase, RLC backhaul links are configured along the routing path. As the 1-to-1 bearer mapping shown in Figure 1, DRB1 of UE1 is mapped to LCH1, DRB2 of UE2 is mapped to LCH2, and DRB3 of UE3 is mapped to LCH3. LCH1, LCH2 and LCH3 all belong to LCG1 between IAB-2 and IAB-1, and between IAB1 and IAB-donor. For the low-latency UL scheduling, after IAB-3 receives a BSR from UE3, it sends a preemptive BSR to IAB-2 after providing an UL grant to UE3 (preemptive trigger is based on UL grants provided to child nodes and/or UEs here.) Then IAB-2, IAB-1 also send a preemptive BSR to their parent nodes after providing an UL grant to their child nodes, respectively. 
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Figure 1 example scenario for preemptive BSR (1-to-1 bearer mapping)

Let’s take IAB-1 MT to analyze the redundant BSR problem as shown in Figure 2. There are 5 data units in LCH2. IAB-1 receives a BSR which requests 3 data-unit resource for LCG1 from IAB-2. In Figure 2, we illustrate the trigger for preemptive BSR based on the LCH with the highest priority in LCG1 (i.e., LCH1) supported by some companies during the email discussion [1]. So IAB-1 triggers a preemptive BSR to IAB-donor. Since there is no UL resource for this preemptive BSR transmission, a SR of LCH1 is indicated to IAB-donor. Then IAB-1 reports a preemptive BSR, which indicates 3 predictive data-unit resource and 5 available data-unit resource for LCG1, to IAB-donor. However, when IAB-1 receives data from IAB-2 and put them into LCH1 buffer, it triggers a Regular BSR for the same data which is just predictive to become available for LCH1 because NR Rel-15 SR/BSR triggers, formats and procedures shall be supported as-is by the IAB nodes, as baseline. In order to prevent triggering redundant Regular BSR, we propose that predictive data is treated as available data during BSR trigger execution. The draft TP is provided in Annex. 
Observation 2: Prevent Rel-15 Regular BSR from being triggered when the data for this LCH becomes available if a preemptive BSR for the same LCH has been triggered. 
Proposal 2: Predictive data is treated as available data during BSR trigger execution.
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Figure 2 Redundant BSR problem

2.3 Enhancement for preemptive BSR trigger
Figure 3 shows an enhancement for preemptive BSR trigger. There are 5 data units in LCH2. IAB-1 receives a BSR which requests 3 data-unit resource for LCG1 from IAB-2.The trigger for preemptive BSR is based on the LCH with the highest priority in LCG1 (i.e., LCH1) supported by some companies during the email discussion [1], so IAB-1 triggers a preemptive BSR to IAB-donor. When IAB-1 receives data from IAB-2, IAB-1 DU distinguishes them as LCH3 data and put into LCH3 buffer. However, if we keep the logic of BSR signalling reduction, IAB-1 should not trigger a redundant preemptive BSR to IAB-donor because the LCH3 has a lower priority than LCH2. Furthermore, if an IAB node receives a BSR which is a periodic BSR from its child node, this IAB node may send a meaningless preemptive BSR triggered based on the LCH with the highest priority in LCG.  A preemptive BSR triggered based on the LCH with the highest priority in LCG may also cause a wrong interpretation of SR configuration. The author [2] was perceived the risk, too, and proposed that IAB Node shall be only allowed to request uplink resources to its parent IAB node, e.g. triggering an “early BSR”, based on a received legacy buffer status report. However, this solution may not meet the low-latency requirement. Therefore, if an IAB node triggers a preemptive BSR based on the LCH information provided from its child node, the BSR trigger logic may be kept as much as possible so BSR overhead reduction can be achieved. The LCH information may be the logical channel with the highest priority among the LCHs which have predictive (and/or available) data included in the BSR provided from the child IAB node. 
Proposal 3: RAN2 should consider associating a LCH/priority information or respective limits with preemptive BSR in order to reduce the BSR signalling overhead.
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Figure 3 Enhancement for preemptive BSR trigger

3 	Conclusions
Based on the discussion, we have the following observation and proposal:
Observation 1: The two restrictions in trigger condition limit the Regular BSR trigger not to occur frequently, so signalling overhead can be reduced.
Observation 2: Prevent Rel-15 Regular BSR from being triggered when the data for this LCH becomes available if a BSR for predictive data for the same LCH has been triggered.

Proposal 1: The same logic of BSR overhead reduction should be kept for the introduction of preemptive BSR. 
Proposal 2: Predictive data is treated as available data during BSR trigger execution.
Proposal 3: RAN2 should consider associating a LCH/priority information or respective limits with preemptive BSR in order to reduce the BSR signalling overhead.
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5 	Annex	
Following is the draft TP of trigger condition for preemptive BSR in TS 38.321.
<<TP start>>

[bookmark: _Toc534933450]5.4.5	Buffer Status Reporting
(…)
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 or predictive UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available or predictive UL data.
	in which case the BSR is referred below to as 'Regular BSR';
-	UL data, for a logical channel which belongs to an LCG, is predicted to become available to the MAC entity; and either
-	the LCH information in the BSR transmitted from the child IAB nodes with higher priority than the priority of any logical channel containing available or predictive UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available or predictive UL data
    in which case the BSR is referred belong to as ‘preemptive BSR' for an IAB node; 
-	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.
NOTE: 	the data volume is predicted to become available to the MAC entity is the same as the data volume indicated in the UL grant transmitted by the DU of an IAB node, or the same as the data volume indicated in the BSR received by the DU of an IAB node. 
(...)
The MAC entity shall:
1>	if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the BSR MAC CE plus its subheader as a result of logical channel prioritization:
3>	instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3>	start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;
3>	start or restart retxBSR-Timer.
2>	if a Regular BSR or preemptive BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if there is no UL-SCH resource available for a new transmission; or
3>	if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was triggered for a logical channel for which logicalChannelSR-Mask is set to false; or
3>	if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see subclause 5.4.3.1) configured for the logical channel that triggered the BSR:
4>	trigger a Scheduling Request.
<<TP end>>
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