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Introduction
In this paper, we aim to discuss the following issues on BSR enhancements for Rel-18 XR:
1. Whether the Refined Long BSR format can be used for padding BSR. If so, when should the UE use such BSR format?
2. Whether the pending BSR should be cancelled when the buffer becomes empty due to discarding.

Discussions
Padding BSR
The Refined Long BSR format was introduced to support BS reporting with lower quantization error. In particular, for both regular and periodic BSR, the UE should use this new format when at least one LCG configured with additionalBSR-TableAllowed has data volume falls into the buffer size range of the new BS table. Currently, the conditions for the UE to use Refined Long BSR format in padding BSR is not defined. In our views, the motivation of reducing quantization error in BS reporting should be applicable to all types of BSR (including Regular BSR, Periodic BSR, and Padding BSR), and there is no reason to single out Padding BSR. Thus, we think the Refined Long BSR format should be used for Padding BSR as well.
Proposal 1: The Refined Long BSR format is applicable to Padding BSR. 

However, we must note that the triggering of padding BSR is “opportunistic”, which means the UE would only trigger padding BSR when there are padding bits available that are sufficient to carry a BSR MAC CE in the allocated resource. This is clear according to TS 38.321 [1]:
	A BSR shall be triggered if any of the following events occur for activated cell group:
……
-	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';



To use Refined Long BSR format for Padding BSR, it is possible that we can directly follow the same BSR format selection rule for Regular/Periodic BSR, such that the UE needs to check if both of the following conditions are satisfied to decide whether Refined Long BSR format should be used:
· If any of the LCG that has data available is configured with additionalBSR-TableAllowed, and
· If the buffered data volume falls into the BS range defined in Table 6.1.3.1-3
Nevertheless, as Padding BSR is triggered when the UE is building a MAC PDU, this becomes a burden for the UE to further check these conditions for Padding BSR format selection within the potentially tight timeline of LCP procedure, on top of the existing conditions that the UE needs to evaluate to choose between Long BSR and Short BSR. Such complexity is not justified especially if we assume that triggering of Padding BSR may become a less common case, considering that the gNB is able to allocate the UL grants in a more precise fashion in Rel-18 thanks to the BSR enhancements that achieve lower quantization errors.
Since Refined Long BSR can be deemed as an enhanced version of legacy Long BSR, which has the flexibility to indicate the BS table that each LCG uses, in some sense it can already replace the Long BSR. For instance, even if all LCGs with data available do not satisfy the conditions of using the new BS table for Regular/Periodic BSR (i.e. none of these LCGs are configured with additionalBSR-TableAllowed, and/or none of these LCGs has data volume that falls into the range of the new BS table), it is still fine to directly use the Refined Long BSR in Padding BSR, as the UE can anyway simply set all BTi fields in the Refined Long BSR format to 0 – which indicates that all LCGs reported in this MAC CE are using the legacy BS table. The UE complexity in terms of BSR format selection can be reduced, and there is no much loss except for a 1-octet overhead – which is basically negligible.
With these considerations in mind, we think the UE can simply check whether the number of available padding bits is sufficient for a Refined Long BSR. If so, the UE can directly report Refined Long BSR regardless of if any LCG will be using the new table. Conversely, if the number of padding bits is not enough for a Refined Long BSR, the UE would report legacy BSR formats such as Short, Long, or Short/Long Truncated BSR, in accordance to the legacy rules. As the UE does not need to take the data volume of each LCG into account, UE implementation is simplified. 
Here we provide a sample TP as a possible way to implement this in TS 38.321 [1] could be:
	For Padding BSR, the MAC entity for which logicalChannelGroupIAB-Ext is not configured by upper layers shall:
1>	if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission when the BSR is to be built:
3>	if the number of padding bits is equal to the size of the Short BSR plus its subheader:
4>	report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>	else:
4>	report Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>	else:
3>	report Short BSR.
1>	else if at least one LCG is configured with additionalBSR-TableAllowed and if the number of padding bits is equal to or larger than the size of the Refined Long BSR plus its subheader:
2>	report Refined Long BSR for all LCGs which have data available for transmission.
1>	else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:
2>	report Long BSR for all LCGs which have data available for transmission.



Proposal 2: For Padding BSR, if at least one LCG is configured with additionalBSR-TableAllowed, and if the number of padding bits is large enough for a Refined Long BSR plus its subheader, the UE reports Refined Long BSR regardless of the buffer status across the LCGs. Adopt Text Proposal 1 in Appendix.

Cancellation of Pending BSR Upon Discarding
In the previous releases, packet discarding is typically considered as a rare scenario. For Rel-18 XR, however, the occurrence of packet discarding can become much more frequent, as the following discarding mechanisms have been defined:
· PDU Set Discarding – The whole PDU Set is discarded when at least one packet of this PDU Set is lost.
· PSI-based SDU Discarding – A different (shorter) discard timer is applied to less important PDU Sets.
In particular, presumably the PSI-based SDU discarding is used when UL congestion is present, wherein any unnecessary UL transmission is apparently undesirable. RAN2 has actually agreed to look at how to minimize UL transmission after the network sends the indication that implies the presence of the UL congestion [2]:
	RAN2 #122 Agreements:
Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 
FFS how/whether to minimize additional UL signalling after this indication.




Hence, we think it is worthwhile to consider how to avoid unnecessary UL transmission in cases when discarding may become frequent. In terms of BSR, this is reasonable for the UE cancel the pending BSR when all the corresponding buffered data is discarded. Because if we keep this BSR pending, potentially it may lead to more SR signalling or even Random Access procedure, which may make the congestion even more severe.
Currently, the UE cancels a pending BSR when all data is multiplexed into a MAC PDU, and this logic is also applicable to DSR. Furthermore, we have specified that the pending DSR should be cancelled when all the data associating to this DSR is discarded, and so it is questionable why we cannot handle the pending BSR in the same fashion. 
	TS 38.321 V18.0.0
After a DSR is triggered, it is considered as pending until it is cancelled. The MAC entity shall cancel a pending DSR, either when all the SDUs associated with the DSR have been discarded, or when a MAC PDU is transmitted and this MAC PDU includes either all the SDUs associated with the DSR or a DSR MAC CE that contains the delay information of all the SDUs associated with the DSR (as described in the clause 6.1.3.72).



From our point of view, this is very straightforward and beneficial to cancel a pending BSR upon discarding, especially when congestion is present. Also, from implementation perspective this may be preferrable to have a more consistent behavior between BSR and DSR. Hence, we think the specification text in Clause 5.4.5 of TS 38.321 could be modified as following:
	All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader. All BSRs triggered prior to MAC PDU assembly shall be cancelled, either when all the buffer associated to the BSR is discarded, or  when a MAC PDU is transmitted and this PDU includes a Long, Refined Long, Extended Long, Short, or Extended Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly.



Moreover, since a pending BSR can result in pending SR and potentially a Random Access procedure, when no valid PUCCH resource is configured, we think the UE should stop the on-going Random Access procedure if all the buffered data corresponding to this pending BSR/SR is discarded. The specification in Clause 5.4.4 of TS 38.321 can be changed as following:
	The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BSR, which was initiated by the MAC entity prior to the MAC PDU assembly and which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly; or
-	the UL grant(s) can accommodate all pending data available for transmission; or.
-	all pending data is discarded.




Proposal 3: The UE can cancel a pending BSR, and stop the on-going Random Access procedure (if any) due to pending SR for such BSR, when all the data associated to this pending BSR is discarded. Adopt Text Proposal 2 and Text Proposal 3 in Appendix.

Conclusions
In this paper, we have presented our views on some of the open issues for BSR enhancements in Rel-18 XR, with the following observations and proposals:
Proposal 1: The Refined Long BSR format is applicable to Padding BSR. 
Proposal 2: For Padding BSR, if at least one LCG is configured with additionalBSR-TableAllowed, and if the number of padding bits is large enough for a Refined Long BSR plus its subheader, the UE reports Refined Long BSR regardless of the buffer status across the LCGs. Adopt Text Proposal 1 in Appendix.
Proposal 3: The UE can cancel a pending BSR, and stop the on-going Random Access procedure (if any) due to pending SR for such BSR, when all the data associated to this pending BSR is discarded. Adopt Text Proposal 2 and Text Proposal 3 in Appendix.
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Appendix: Text Proposals
	Text Proposal 1
[bookmark: _Toc155999637]5.4.5	Buffer Status Reporting
……(Text Omitted)……

For Padding BSR, the MAC entity for which logicalChannelGroupIAB-Ext is not configured by upper layers shall:
1>	if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission when the BSR is to be built:
3>	if the number of padding bits is equal to the size of the Short BSR plus its subheader:
4>	report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>	else:
4>	report Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of the highest priority logical channel (with or without data available for transmission) in each of these LCG(s), and in case of equal priority, in increasing order of LCGID.
2>	else:
3>	report Short BSR.
1>	else if at least one LCG is configured with additionalBSR-TableAllowed and if the number of padding bits is equal to or larger than the size of the Refined Long BSR plus its subheader:
2>	report Refined Long BSR for all LCGs which have data available for transmission.
1>	else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:
2>	report Long BSR for all LCGs which have data available for transmission.
……(Text Omitted)……
	Text Proposal 2
5.4.5	Buffer Status Reporting
……(Text Omitted)……

All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader. All BSRs triggered prior to MAC PDU assembly shall be cancelled, either when all the buffer associated to the BSR is discarded, or  when a MAC PDU is transmitted and this PDU includes a Long, Refined Long, Extended Long, Short, or Extended Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly.
	Text Proposal 3
[bookmark: _Toc37296203][bookmark: _Toc46490329][bookmark: _Toc52752024][bookmark: _Toc52796486][bookmark: _Toc155999636]5.4.4	Scheduling Request
……(Text Omitted)……

The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BSR, which was initiated by the MAC entity prior to the MAC PDU assembly and which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly; or
-	the UL grant(s) can accommodate all pending data available for transmission; or.
-	all pending data is discarded.

……(Text Omitted)……
End of Text Proposals

