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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN2 #107bis[1], it was confirmed that preemptive BSR will be used for IAB network:
RAN2 will not specify any normative solution to the perceived issue of possible resource wastage due to introduction of pre-emptive BSR.
Confirmation that this is the expected enhanced behavior: Following the reception by the second (parent) node of a BSR from a first (child) node, resources may be requested from the third node (parent of second node) before actual data arrives from the first node 
Further, in RAN2 #108[2], there were the following agreements with respect to preemptive BSR generation:
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.  
According to the above agreements, there are still some open issues such as the formats of preemptive BSR, the interaction between Rel-15 BSR and preemptive BSR, the preemptive BSR types and the SR triggering etc. This paper addresses these issues for preemptive BSR in reference to the Rel-15 BSR.
2. [bookmark: OLE_LINK99][bookmark: OLE_LINK189][bookmark: OLE_LINK188][bookmark: OLE_LINK98]Discussion
In the following, Rel-15 BSR procedure and formats are briefly reviewed, based on which the preemptive BSR procedure and formats are discussed.
2.1 BSR triggering
In Rel-15 BSR, there are 3 types of BSRs, regular BSR, periodic BSR and padding BSR, which are respectively triggered in different conditions according to 3GPP TS 38.321 [3]: 
-	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'.
Observation 1： Rel-15 BSR has 3 BSR types, wherein regular BSR is triggered by new data arrival, periodic BSR is triggered by periodicBSR-Timer expiration and padding BSR is triggered by padding capacity of a MAC PDU.
Then there is a question of whether preemptive BSR also needs 3 types of BSRs similarly as Rel-15 BSR. According to agreements, the preemptive BSR is triggered by the received BSR from UE or a child IAB node. Since there is no indicator to indicate the trigger condition of the BSR in a Rel-15 BSR MAC CE, the IAB node receiving the BSR cannot exactly differentiate the BSR type, i.e. the IAB node simply updates the buffer status accordingly when a Rel-15 BSR is received. With this assumption, the preemptive BSR may be triggered by an Rel-15 BSR triggered in any of the above conditions. 
Observation 2: IAB node cannot always exactly differentiate the triggering condition of a received BSR.
If a preemptive BSR is triggered when any BSR is received, unnecessary preemptive BSR may be triggered and transmitted to parent IAB node, which does not actually help the parent IAB node scheduling but increase the overhead. For instance, if an IAB node has already sent a BSR to parent IAB node to indicate it has data, it may not always be necessary to trigger another preemptive BSR even when a Rel-15 BSR is received from a UE or child IAB node.
Observation 3: Always triggering preemptive BSR in response to any received BSR may generate unnecessary overheads.
Instead of always triggering a preemptive BSR upon reception of a Rel-15 BSR, it is preferred that an IAB node determines the preemptive BSR triggering based on joint consideration of the received BSR and the local buffer status, to ensure that the preemptive BSR really indicates useful information for UL scheduling by parent IAB node. 
Proposal 1: IAB node determines the preemptive BSR triggering based on the joint consideration of the received BSR and the local buffer status. 
For an IAB node, a received BSR may indicate one or multiple ingress LCGs has data, and the LCHs of these ingress LCGs can be mapped to a set of egress BH RLC channels according to preconfigured mappings. If the egress BH RLC channel with the highest priority in the egress BH RLC channel set has higher priority than any of the egress BH RLC channel having data, preemptive BSR can be triggered. Otherwise, preemptive BSR is not triggered even when a BSR is received. 
[image: ]
Figure 1 Illustration of preemptive BSR triggering based on the mapped egress BH RLC channel
Proposal 2: When an IAB node receives a BSR from a child IAB node or UE, the IAB node shall:
· Step 1: map the ingress (BH RLC) LCHs of the ingress LCGs having data to egress BH RLC channels;
· Step 2: trigger preemptive BSR when the egress BH RLC channel with the highest priority has higher priority than any egress BH RLC channel having data.
Proposal 3: The preemptive BSR triggered in response to a received BSR is referred to as regular preemptive BSR.
Sometimes, there are still padding capacity left after filling all data and other MAC CEs. In this case, it could be helpful for an IAB to report node to indicate the expected buffer status with a preemptive BSR based on the recent UL scheduling UL transmissions for child IABs or UEs, which could be helpful for the UL scheduling by the parent IAB node.
Proposal 4: Padding preemptive BSR is supported to indicate the expected data volume based on the expected UL transmissions from a UE or child IAB node.
2.2 BSR formats
According to the existing agreements, new BSR shall be defined for preemptive BSR and the new BSR shall be able to differentiate actual available data and the expected data, but whether to introduce a new BSR format is still open.
Observation 4: A new BSR is to be introduced for preemptive BSR to differentiate available data and expected data, but the BSR format for the new BSR is FFS.
In Rel-15, there are short BSR format and long BSR format, the UE can select the BSR format based on the number of LCGs having available data. The formats from [2] are listed below. The UE shall use short BSR format when single LCG has available data while long BSR format when more than one LCG has available data.


Figure 6.1.3.1-1: Short BSR and Short Truncated BSR MAC CE


Figure 6.1.3.1-2: Long BSR and Long Truncated BSR MAC CE
Observation 5: In Rel-15, short BSR format and long BSR format were defined and a UE can determine which BSR format is used based on the number of LCGs having available data.
There are two ways to define format for pre-emptive BSR:
· Option 1: reuse the Rel-15 BSR format.
· Option 2: define new formats different from Rel-15 BSR formats. 
For Option 1: both the existing BSR MAC CE formats and the existing BSR format selection procedure can be reused, which means little standardization effort. Further, it also means lower complexity for possible future BSR enhancement (e.g. LCG extension) due to BSR report based on available data and expected data use the same formats. For Option 2, more standardization/implementation effort not only for Rel-16 but also for possible BSR enhancement in future releases.
Observation 6: New BSR format introduction for pre-emptive BSR means additional standardization effort for both Rel-16 and possible enhancements in future.
Proposal 5: The existing BSR formats and BSR format selection procedure are reused for preemptive BSR.
Then there are two options to reuse the Rel-15 BSR format: 
· Option a: Reuse Rel-15 BSR with new LCID
In this case LCID is used to differentiate the BSR is Rel-15 BSR or preemptive BSR. For this case, at least two new LCIDs are needed for pre-emptive BSR, wherein one is for short BSR and the other is for long BSR format.
· Option b: Reuse  Rel-15 BSR without new LCID 
When single BSR is transmitted in a MAC PDU, only Rel-15 BSR is transmitted. When two BSR MAC CEs are transmitted, the ahead BSR MAC CE is for available data (i.e. Rel-15 BSR) and the rest BSR MAC CE is for expected data (i.e. preemptive BSR), i.e. the IAB node can identify the Rel-15 BSR or preemptive BSR based on the order of BSR MAC CEs in one MAC PDU. In this way, two new LCIDs are saved, which relieves the LCID shortage when eLCID is not used for purpose of saving eLCID overhead. This could be very meaningful for IAB network because more LCID is need for BH link than access link.
Observation 7: Reusing Rel-15 BSR format without new LCID can save two LCIDs, which relieve the LCID shortage due to eLCID use. 
Proposal 6: RAN2 support reusing Rel-15 BSR format without new LCID and identifying pre-emptive BSR based on the order to place the BSR MAC CEs in one MAC PDU, i.e.
· The received BSR is Rel-15 BSR when single BSR is received in one MAC PDU;
· The ahead BSR is available data and the rest one is expected data when two BSRs are received in one MAC PDU;
To save the signalling overhead, the LCG configuration for both Rel-15 BSR and preemptive BSR can be the same.
Proposal 7: The LCG configuration for Rel-15 BSR is reused for preemptive BSR.
Considering the number of LCGs having available data and the number of LCGs having expected data may be different, it BSR MAC CE formats for available data and expected data can be respectively selected when pre-emptive BSR is triggered.
Proposal 8: The BSR MAC CE formats for available data and expected data are respectively selected based on the number of LCGs with available data and the number of LCGs with expected data.  
2.3 SR triggering
In Rel-15, the SR configuration is configured per LCH, and the SR configuration configures the SR transmission resources, sr-ProhibitTimer and the maximum transmission times of SR. The Rel-15 regular BSR triggered by a LCH can trigger SR transmission according to these parameters. We don’t see the reason to configure different SR configurations for preemptive BSR.
Proposal 9: For one BH RLC channel, Rel-15 regular BSR and preemptive BSR have the same SR configuration.
There could be cases that both Rel-15 regular BSR and preemptive BSR are triggered and both SRs can trigger the SR transmission procedure. In this case, only one SR procedure is proceeded. 
Proposal 10: When both Rel-15 regular BSR and preemptive BSR are triggered by two BH RLC channels respectively, the BH RLC channel with the higher priority determines the SR configuration for SR transmission.
3. Conclusion
In this contribution, we discuss the preemptive BSR procedures, including preemptive BSR triggering, BSR formats and related SR triggering in reference to related Rel-15 BSR specification.
We have the following observations:
Observation 1： Rel-15 BSR has 3 BSR types, wherein regular BSR is triggered by new data arrival, periodic BSR is triggered by periodicBSR-Timer expiration and padding BSR is triggered by padding capacity of a MAC PDU.
Observation 2: IAB node cannot always exactly differentiate the triggering condition of a received BSR.
Observation 3: Always triggering preemptive BSR in response to any received BSR may generate unnecessary overheads.
Observation 4: A new BSR is to be introduced for preemptive BSR to differentiate available data and expected data, but the BSR format for the new BSR is FFS.
Observation 5: In Rel-15, short BSR format and long BSR format were defined and a UE can determine which BSR format is used based on the number of LCGs having available data.
Observation 6: New BSR format introduction for pre-emptive BSR means additional standardization effort for both Rel-16 and possible enhancements in future.
Observation 7: Reusing Rel-15 BSR format without new LCID can save two LCIDs, which relieve the LCID shortage due to eLCID use. 
We have the following conclusions:
Proposal 1: IAB node determines the preemptive BSR triggering based on the joint consideration of the received BSR and the local buffer status. 
Proposal 2: When an IAB node receives a BSR from a child IAB node or UE, the IAB node shall:
· Step 1: map the ingress (BH RLC) LCHs of the ingress LCGs having data to egress BH RLC channels;
· Step 2: trigger preemptive BSR when the egress BH RLC channel with the highest priority has higher priority than any egress BH RLC channel having data.
Proposal 3: The preemptive BSR triggered in response to a received BSR is referred to as regular preemptive BSR.
Proposal 4: Padding preemptive BSR is supported to indicate the expected data volume based on the expected UL transmissions from a UE or child IAB node.
Proposal 5: The existing BSR formats and BSR format selection procedure are reused for preemptive BSR.
Proposal 6: RAN2 support reusing Rel-15 BSR format without new LCID and identifying pre-emptive BSR based on the order to place the BSR MAC CEs in one MAC PDU, i.e.
· The received BSR is Rel-15 BSR when single BSR is received in one MAC PDU;
· The ahead BSR is available data and the rest one is expected data when two BSRs are received in one MAC PDU;
Proposal 7: The LCG configuration for Rel-15 BSR is reused for preemptive BSR.
Proposal 8: The BSR MAC CE formats for available data and expected data are respectively selected based on the number of LCGs with available data and the number of LCGs with expected data.  
Proposal 9: For one BH RLC channel, Rel-15 regular BSR and preemptive BSR have the same SR configuration.
Proposal 10: When both Rel-15 regular BSR and preemptive BSR are triggered by two BH RLC channels respectively, the BH RLC channel with the higher priority determines the SR configuration for SR transmission.
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