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1 Introduction
In this contribution, we raise and address several residual issues on BSR and DSR, which are seemingly essential for the completion of Release 18 XR.
On BSR, RAN2 has agreed on “reusing existing mechanisms (e.g. (Padding) BSR with BS value equal to zero) as implicit End of Data Burst (EoDB) indicator”. While, the implicit EoDB indication should be implemented with additional spec impact, which has not been discussed/addressed yet. In this paper, we bring up the issues involved and provide solutions accordingly. Also, we raise an issue on the condition for reporting Refined Long BSR, and provide appropriate solution. 
On DSR, we discuss several corrections needed for DSR procedure specification.
2 BSR Discussion
2.1 EoDB indication with padding BSR
When introducing EoDB indication with padding BSR, there seems two residual issues that we need to address: Issue 1) buffer size with value zero is not prohibited in legacy operation, which introduces ambiguity in distingshing between EoDB and temporal empty buffer before reaching EoDB at gNB side, and Issue 2) in legacy operation, when determining padding BSR format, only LCGs with available data are considered. RAN2 should take LCGs with EoDB indication into account additionaly. 
Issue 1: Buffer Size with Value Zero
For the case when padding BSR is of short/short truncated/long/long truncated BSR format, a buffer size field thereof is allowed by current MAC spec to be set as zero, as shown in the excerpt below. That is, when the buffer of an LCG becomes empty temporarily (after MAC PDU has been built) but before reaching the EoDB, it is allowed to set the buffer size field of the LCG to zero. It causes ambiguity at gNB in how to distinguish between EoDB indication and temporal empty buffer.
Observation 1: Buffer Size field of padding BSR is not prohibited from being zero in legacy operation, which causes ambiguity at gNB in distinguishing between EoDB indication and temporal empty buffer. 
Excerpt 1:
	38.321 V18.1.0
6.1.3.1 Buffer Status Report MAC CEs
...
· Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume calculation procedure in TSs 38.322 [3] and 38.323 [4] across all logical channels of a logical channel group after the MAC PDU has been built (i.e. after the logical channel prioritization procedure, which may result the value of the Buffer Size field to zero). The amount of data is indicated in number of bytes. The size of the RLC headers and MAC subheaders are not considered in the buffer size computation. ...



The issue above implies that, in order to let gNB ensure about EoDB, we need a more stringent rule such as buffer size field with value zero is allowed only for EoDB indication.
Such restriction may unnecessarily impose additional burden on UE, especially, for LCGs irrespective of EoDB indication, such that it is more desirable for gNB to determine the relevant LCGs.
Proposal 1: Buffer size field in padding BSR shall not be zero except for indicating EoDB, for LCG(s) configured by NW. Adopt TP 1.
TP 1: 
	38.321 
6.1.3.1 Buffer Status Report MAC CEs
...
· Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume calculation procedure in TSs 38.322 [3] and 38.323 [4] across all logical channels of a logical channel group after the MAC PDU has been built (i.e. after the logical channel prioritization procedure, which may result the value of the Buffer Size field to zero). Buffer Size field of a logical channel group in padding BSR shall not be zero except for indicating EoDB of the logical channel group, for which eodbEnabled is configured by upper layers. The amount of data is indicated in number of bytes. The size of the RLC headers and MAC subheaders are not considered in the buffer size computation. ...



Issue 2: Padding BSR Format Selection
In legacy operation, padding BSR format is selected by considering only the LCGs with data available. RAN2 should take the LCGs with EoDB indication into account additionally, because they also need buffer size fields (with value zero).  
Proposal 2: Both LCGs with data available and with EoDB indication should be taken into account when determining padding BSR format.
One more issue is that, in the cases of truncated BSRs, the higher priority LCG is considered first in determining, for which LCG(s), the buffer size should be reported. The same philosophy can be considered inclusively for LCG(s) with EoDB indication.
Proposal 3: As legacy operation, it is based on the priority of the LCG(s), in determining, for which LCG(s), buffer size or EoDB should be reported in truncated BSRs. Adopt TP 2.
TP 2:
	38.321 
5.4.5 Buffer Status Reporting
...
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 or with EoDB indication 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 or with EoDB indication.
3>	else:
4>	report Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission or with EoDB indication 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 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 or with EoDB indication.
...



2.2 Refined Long BSR Selection
In the latest specification, Refined Long BSR is selected, when at least one LCG with additionalBS-TableAllowed configured, has UL data available, whose amount is within the range of the new BS table, i.e., Table 6.1.3.1-3 (as shown in Excerpt 2). However, RAN2 did not clearly specify, at which moment, the amount UL data should be within the range of the new table.   
Proposal 4: RAN2 should specify, at which moment, the amount of UL data should be within the range of the new BS table, for reporting Refined Long BSR.
Excerpt 2:
	38.321 V18.1.0
5.4.5 Buffer Status Reporting
...
For Regular and Periodic BSR, the MAC entity for which logicalChannelGroupIAB-Ext is not configured by upper layers shall:
1>	if for at least one LCG configured with additionalBS-TableAllowed, the amount of UL data available for transmission is within the buffer sizes specified in Table 6.1.3.1-3:
2>	report Refined Long BSR for all LCGs which have data available for transmission;
1>	else:
2>	if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
3>	report Long BSR for all LCGs which have data available for transmission.
2>	else if one LCG has data available and is configured with additionalBS-TableAllowed and the amount of UL data available for transmission when the MAC PDU containing the BSR is to be built is greater than the largest buffer size specified in Table 6.1.3.1-3:
3>	report Long BSR;
2> else:
3> report Short BSR.
...



There are two options to be considered for the issue above: 
· Option 1: if the amount of UL data of at least one LCG configured with additionalBS-TableAllowed after the MAC PDU containing the BSR has been built is within the range of the new BS table, then Refined Long BSR is reported.
· Option 2: if the amount of UL data of at least one LCG configured with additionalBS-TableAllowed when the MAC PDU containing the BSR is to be built is within the range of the new BS table, then Refined Long BSR is reported.
Considering the original intention of introducing a new BS table, Option 1 is more appropriate. In Refined Long BSR, buffer size field indicates the amount of residual UL data after the MAC PDU containing the BSR has been built. If the amount of the residual UL data is within the range of the new BS table, the new BS table should be used, and hence Refined Long BSR should be reported. 
On the other hand, if Option 2 is adopted, we may face undesirable case that the new BS table cannot be used, when it should be used, such as:
· when the MAC PDU is to be built, there is no LCG configured with additionalBS-TableAllowed, whose amount of UL data is within the range of the new BS table, and hence, Long BSR is selected based on Option 2. 
· after the MAC PDU has been built, the amount of residual UL data of an LCG configured with additionalBS-TableAllowed falls within the range of the new BS table. However, since Long BSR is selected to be reported, the legacy table is used for the LCG, instead of the new BS table.   
In summary, it is more appropriate to consider Option 1, to make use of the new BS table more often when needed. 
Proposal 5: For reporting Refined Long BSR, the amount of UL data available for transmission after the MAC PDU containing the BSR has been built should be within the range of the new BS table. Adopt TP 3.
TP 3:
	38.321
5.4.5 Buffer Status Reporting
...
For Regular and Periodic BSR, the MAC entity for which logicalChannelGroupIAB-Ext is not configured by upper layers shall:
1>	if for at least one LCG configured with additionalBS-TableAllowed, the amount of UL data available for transmission after the MAC PDU containing the BSR has been built is within the buffer sizes specified in Table 6.1.3.1-3:
2>	report Refined Long BSR for all LCGs which have data available for transmission;
1>	else:
2>	if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
3>	report Long BSR for all LCGs which have data available for transmission.
2>	else if one LCG has data available and is configured with additionalBS-TableAllowed and the amount of UL data available for transmission after the MAC PDU containing the BSR has been built when the MAC PDU containing the BSR is to be built is greater than the largest buffer size specified in Table 6.1.3.1-3:
3>	report Long BSR;
2> else:
3> report Short BSR.


[bookmark: OLE_LINK462][bookmark: OLE_LINK463]3 DSR Discussion
3.1 Correction on Stopping RA due to SR for DSR
Stopping of RA due to SR for DSR was discussed in RAN2#125. One pending issue is to consider an additional condition for RA stopping as “the DSR that triggered the SR has been cancelled when all the SDUs associated with the DSR have been discarded”. Hence, we propose to add this condition.
Proposal 6: An ongoing RA procedure due to pending SR for DSR is stopped when the DSR that triggered the SR has been cancelled when all the SDUs associated with the DSR have been discarded. Adopt TP 4.
TP 4:
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5.4.4	Scheduling Request
…
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for DSR, 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 DSR MAC CE;
-	the UL grant(s) can accommodate all SDUs associated with the DSR (see clause 5.4.9).
-  the DSR that triggered the SR has been cancelled when all the SDUs associated with the DSR have been discarded.
...




3.2 Correction on SR Triggering
DSR functionality is configured per LCG and triggering of DSR is pursued at LCG level. When a DSR is pending for LCG, another DSR is not triggered. However, SR for DSR configuration is per LCH. In present spec, it is not clearly specified as to which LCH’s SR configuration is used for DSR of the LCG. There can be two possible options:

Option 1: SR configuration of any LCH belonging to the LCG can be used for DSR.

Option 2: SR configuration of the LCH is used for which the smallest remaining value of the PDCP discardTimers among all the data buffered for the LCG that has not been transmitted in any MAC PDU or reported as data volume in a DSR MAC CE becomes below remainingTimeThreshold of the LCG.   

Option 1 conforms to the DSR functionaly based on LCG, with any LCH’s SR configuration can be used for DSR purpose. This provides sufficient flexibility to UE implementation, and also overcomes any transmission restriction, if placed on the specific LCH. While Option 2 defines a specific LCH’s SR configuration to be used for DSR purpose. However, it is to be noted that the specific LCH is dynamically decided based on the LCH fulfilling the triggering condition. Therefore, in both cases, LCH whose SR configuration is used for DSR is not fixed.
Proposal 7: Specify clearly which LCH’s SR configuration is used for DSR of the LCG among below options:
Option 1: SR configuration of any LCH belonging to the LCG can be used for DSR 
Option 2: SR configuration of the specific LCH is used for which the smallest remaining value of the PDCP discardTimers among all the SDUs buffered for the LCG that has not been transmitted in any MAC PDU or reported as data volume in a DSR MAC CE becomes below remainingTimeThreshold of the LCG
Furthermore, only one LCH belonging to the LCG can trigger a SR for DSR at a time. That is, a Scheduling Request for a pending DSR is triggered only “if there is no pending SR already triggered by the DSR procedure for a logical channel belonging to the LCG as of this DSR”. This is not correctly specified in the present MAC specification and hence, needs a correction.
Proposal 8: Correct the condition for triggering a Scheduling Request from “if there is no pending SR already triggered by the DSR procedure for the same logical channel as of this DSR” to “if there is no pending SR already triggered by the DSR procedure for a logical channel belonging to the LCG as of this DSR”. Adopt TP 5.
TP 5:
	TS 38.321
[bookmark: _Toc155999641]5.4.9	Delay status reporting
 ….

RRC controls the DSR procedure by configuring the following parameter:
-	remainingTimeThreshold: the threshold on remaining time for triggering a DSR for an LCG.
If an LCG is configured for delay status reporting, the MAC entity shall:
1>	if the smallest remaining value of the running PDCP discardTimers among all the SDUs buffered for the LCG that has not been transmitted in any MAC PDU and has not been reported as data volume in a DSR MAC CE becomes below remainingTimeThreshold of the LCG; and
1> if there is no DSR pending for the LCG:
2>	trigger a DSR for the LCG.
If there is at least one DSR pending, the MAC entity shall:
1>	if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the DSR MAC CE plus its subheader as a result of logical channel prioritization:
2>	instruct the Multiplexing and Assembly procedure to generate the DSR MAC CE as specified in clause 6.1.3.72.
1>	else if there is no pending SR already triggered by the DSR procedure for the samea logical channel belonging to the LCG as of this DSR:
2>	trigger a Scheduling Request.



4 Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following observations and proposals:
-- BSR Discussion --
Observation 1: Buffer Size field of padding BSR is not prohibited from being zero in legacy operation, which causes ambiguity at gNB in distinguishing between EoDB indication and temporal empty buffer.
Proposal 1: Buffer size field in padding BSR shall not be zero except for indicating EoDB, for LCG(s) configured by NW. Adopt TP 1.
Proposal 2: Both LCGs with data available and with EoDB indication should be taken into account when determining padding BSR format.
Proposal 3: As legacy operation, it is based on the priority of the LCG(s), in determining, for which LCG(s), buffer size or EoDB should be reported in truncated BSRs. Adopt TP 2.
Proposal 4: RAN2 should specify, at which moment, the amount of UL data should be within the range of the new BS table, for reporting Refined Long BSR.
Proposal 5: For reporting Refined Long BSR, the amount of UL data available for transmission after the MAC PDU containing the BSR has been built should be within the range of the new BS table. Adopt TP 3.
-- DSR Discussion --
Proposal 6: An ongoing RA procedure due to pending SR for DSR is stopped when the DSR that triggered the SR has been cancelled when all the SDUs associated with the DSR have been discarded. Adopt TP 4.
Proposal 7: Specify clearly which LCH’s SR configuration is used for DSR of the LCG among below options:
· Option 1: SR configuration of any LCH belonging to the LCG can be used for DSR 
· Option 2: SR configuration of the specific LCH is used for which the smallest remaining value of the PDCP discardTimers among all the SDUs buffered for the LCG that has not been transmitted in any MAC PDU or reported as data volume in a DSR MAC CE becomes below remainingTimeThreshold of the LCG
Proposal 8: Correct the condition for triggering a Scheduling Request from “if there is no pending SR already triggered by the DSR procedure for the same logical channel as of this DSR” to “if there is no pending SR already triggered by the DSR procedure for a logical channel belonging to the LCG as of this DSR”. Adopt TP 5.
