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In XR WI [1], it is agreed to enhance the BSR operation including the new BSR table and to define additional delay status reporting.
	Specify the enhancements related to capacity:
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);


In this contribution, we show our views on including following aspects on delay status report.
	For MAC, we have:
· DSR
· Definition of remaining time
· Whether one or more values of remaining time are reported for an LCG
· Whether data with delay below the threshold is reported
· The fields included in the DSR MAC CE and their respective definitions, and which type of LCID to use
For RLC, we have the following open issues, all related to DSR:
1. How to calculate data volume for DSR i.e. the buffer status associated with the remaining time.
1. How to determine the remaining discardTimer value is less than a [threshold] in RLC, e.g. based on an indication from PDCP similar as legacy.
1. Whether the data with discardTimer expired is also included in the case that discardTimer value is less than a threshold or captured as a separate case. – It could be determined during CR drafting.

For PDCP, we have:
1. Details of PSI based discard
0. Threshold based vs. timer based
0. Congestion indication
0. Duration of PSI based discard (one-shot or until another indication is received)
1. Details of Delay Status Reporting
1. Triggering condition
1. Data volume calculation
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Regarding the delay status report, following were agreed in RAN2#123 meeting [2]:
	When UE triggers reporting delay information for a LCG, and UE also reports the buffer status associated with the remaining time.
RAN2 aims to define a single MAC CE for the DSR reporting (including the buffer status). FFS if this extends BSR MAC CE or is a new MAC CE.
Working assumption: Define a new separate MAC CE for DSR (remaining delay and associated data volume) reporting, e.g. DSR reporting is not coupled with BSR reporting. Detailed Definition of associated data volume is FFS. 
Support threshold based DSR reporting, e.g. DSR reporting is triggered when remaining delay of a PDU/PDU set is below a NW configured threshold. The threshold is configured per LCG. FFS whether configuring multiple thresholds for a LCG is supported. Definition of remaining time is FFS.




BSR and delay status report (DSR)
In RAN2#123 meeting[2], it was agreed as working assumption to perform the delay status report independently from the buffer status report. 
	Working assumption: Define a new separate MAC CE for DSR (remaining delay and associated data volume) reporting, e.g. DSR reporting is not coupled with BSR reporting. Detailed Definition of associated data volume is FFS. 



Although the delay status report includes the amount of data for delay information, it should not be mixed with the existing BSR operation, since the purpose of the report is different:
· Delay status report is to report the amount of data associated with the remaining time e.g., which should be transmitted within the short remaining time
· BSR is to report the total amount of available data regardless of the associated delay information.

In other words, although the delay status report is triggered and transmitted, the additional BSR may be needed, in order to report the total amount of data for each LCG. On the other hand, when the delay status report is triggered, it is still needed even though the BSR is transmitted, in order to report the amount of data associated with remaining time, e.g., which is needed to be transmitted in short delay.

In addition, given that DSR is triggered when remaining delay of a PDU/PDU set is lower than the NW configured threshold, DSR triggering condition is quite different from the BSR trigger. 

In this sense, since it would be very complicated if DSR is coupled with BSR, DSR should be transmitted independently from BSR. 

Proposal 1. Confirm the Working Assumption: Define a new separate MAC CE for DSR (remaining delay and associated data volume) reporting, e.g. DSR reporting is not coupled with BSR reporting.

Remaining time definition
The remaining time information can be defined as remaining time until the PDB is expired. However, since the PDCP layer of UE discards PDCP SDU based on the PDCP discard timer, the remaining time information should be defined based on the PDCP discard timer, as agreed in RAN2#122[3]:
	1: UE calculates the remaining time based on the PDCP discard timer value. FFS if UE reports one or multiple values. FFS how this is modelled in PDCP specification. FFS which UEs support this.



Therefore, the remaining time information is defined as remaining value of PDCP discard timer for the PDCP SDU, which is determined based on the PDB and the buffered time of data. 
Proposal 2. The remaining time information is defined as remaining PDCP discard timer value configured for the corresponding SDU. 

Triggering of Delay Status Report
In RAN2#123 meeting[2], it is agreed that DSR is triggered when the remaining time of PDU is lower than the threshold
	Support threshold based DSR reporting, e.g. DSR reporting is triggered when remaining delay of a PDU/PDU set is below a NW configured threshold. The threshold is configured per LCG. FFS whether configuring multiple thresholds for a LCG is supported. Definition of remaining time is FFS.



Meanwhile, BSR operation is triggered in MAC layer, even though BSR triggering condition, e.g., when new UL data is available for an LCG or whether there is remaining UL data for an LCG when retxBSR-Timer expires, can be determined in the PDCP/RLC layer. That is, BSR is triggered in MAC layer based on the internal signalling from PDCP layer and RLC layer.
Similarly, even though the remaining PDCP discard timer value and whether the UL data is transmitted or not is determined in PDCP layer and RLC layer, MAC layer could make a decision to trigger DSR based on the internal signalling.
In MAC layer, DSR should be triggered when the remaining PDCP discard timer value of a PDCP SDU is less than the threshold and the PDCP SDU has not been transmitted.
Proposal 3. DSR is triggered in MAC layer, based on the internal signalling from PDCP layer and RLC layer.

Meanwhile, in RAN2#123[2], it was FFS on whether the multiple threshold for triggering delay status report 
	Support threshold based DSR reporting, e.g. DSR reporting is triggered when remaining delay of a PDU/PDU set is below a NW configured threshold. The threshold is configured per LCG. FFS whether configuring multiple thresholds for a LCG is supported. Definition of remaining time is FFS.



If the multiple threshold for triggering delay status report is agreed, DSR would be triggered multiple times for the same data. However, since the Delay Status Report is transmitted independently from the BSR, too much triggering procedure of DSR for the same data would cause additional overhead without giving the additional information for the uplink scheduling. Therefore, it would be sufficient to transmit the DSR only if it should be transmitted in the short remaining time, i.e., using one threshold for a LCG.
Proposal 5. Define one delay threshold for a LCG to trigger DSR.

Definition of associated data volume
In RAN2#122 meeting[3], it was agreed that the delay status report is based on the remaining time information, which is calculated by the remaining PDCP discard timer value. Therefore, for PDCP SDU, whether the data is lower than the predetermined threshold, i.e., whether the PDCP SDU is delay-critical data or not, should be determined in the PDCP layer.
Meanwhile, according to current TS38.323[4], the amount of data volume for BSR includes followings:
	For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider the following as PDCP data volume:
-	the PDCP SDUs for which no PDCP Data PDUs have been constructed;
-	the PDCP Data PDUs that have not been submitted to lower layers;
-	the PDCP Control PDUs;
-	for AM DRBs, the PDCP SDUs to be retransmitted according to clause 5.1.2;
-	for AM DRBs, the PDCP Data PDUs to be retransmitted according to clause 5.5.



Therefore, similar to the PDCP data volume for BSR, the PDCP data volume for DSR calculated in PDCP layer includes followings for which the remaining PDCP discard timer values are less than a threshold:
· the PDCP SDUs for which no PDCP Data PDUs have been constructed;
· the PDCP Data PDUs that have not been submitted to lower layers;
· for AM DRBs, the PDCP SDUs to be retransmitted according to clause 5.1.2 and clause 5.13;
· for AM DRBs, the PDCP Data PDUs to be retransmitted according to clause 5.5.

The PDCP layer determines the delay-critical data, i.e., data whose remaining PDCP discard timer values are less than a threshold, at the time of DSR MAC CE generation. 

Proposal 4. The PDCP layer determines the amount of delay critical data whose remaining PDCP discard timer value is less than the predetermined threshold, including followings:
· the PDCP SDUs for which no PDCP Data PDUs have been constructed;
· the PDCP Data PDUs that have not been submitted to lower layers;
· for AM DRBs, the PDCP SDUs to be retransmitted according to clause 5.1.2 and clause 5.13;
· for AM DRBs, the PDCP Data PDUs to be retransmitted according to clause 5.5 

Similarly, for RLC data, when the DSR is transmitted, the amount RLC data volume for the associated remaining time should including followings whose remaining PDCP discard timer value is less than the predetermined threshold:
-	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).
Proposal 5. The RLC layer determines the amount of delay critical data whose remaining PDCP discard timer value is less than the predetermined threshold, including followings:
-	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).

DSR MAC CE format
The next issue is which information is included in the DSR MAC CE. Regarding how many delay information (e.g., remaining time) is included in the delay status report, followings could be considered:
· Option 1: In the new MAC CE for delay status report, multiple remaining time fields per LCG are included. In other words, for each LCG, multiple remaining time fields and the multiple BS fields which indicate amount of data associated with the indicated remaining time are included. An Exemplary MAC CE format for Option 1 is as follows:


· Option 2: In the new MAC CE for delay status report, one remaining time field per each LCG is included. Regarding the details on the delay information in the remaining time field, followings can be considered:
· Option 2-1: In the delay index field, the delay information for minimum remaining time for each LCG is included. In other words, per LCG, delay information for the minimum remaining time and the associated data volume can be included.  
· Option 2-2: In the delay index field, the delay information for each LCG is decided by the UE implementation. In other words, for each LCG, UE-decided delay information and the associated data volume can be included



· Option 3: In the new MAC CE for delay status report, no remaining time field is included. For example, the amount of UL data only with short remaining time (e.g., remaining time is less than the predetermined value) is included. An Exemplary MAC CE format for Option 3 is as follows, which is similar to current BSR MAC CE format:


For Option 1, the network may have full flexibility to schedule the uplink grant considering the remaining time until the PDCP discard timer expires. However, the huge size of MAC CE format is expected in order to include multiple remaining time fields and the multiple Buffer size fields for each remaining time per LCG. In addition, it also causes UE complexity since the PDCP layer should calculate the amount of data for each remaining time index based on the remaining PDCP discard timer. On the other hand, the information of the amount of data with high delay index may not be useful since it is not urgent, i.e. can be handled by the legacy scheduling policy. Therefore, Option 1 should be avoided considering the large overhead in MAC CE design and the UE complexity in the PDCP layer.  
For Option 2-1, for each LCG, quantized delay index for minimum remaining time can be included for the delay critical data. In this option, more accurate delay information can be reported, since it gives the exact time point of PDU discard for PDU set with shortest remaining time. However, in this option, the amount of all the urgent data may not be reported, since only the minimum remaining time and the associated the data volume is included. For example, if the delay threshold for delay-critical data is 15ms, only a part of delay-critical data would be reported if the buffered data for LCG 1 is as follows:
· PDU set 1: size = 30 Bytes, remaining time = 11 ms,
· PDU set 2: size = 100 Bytes, remaining time = 12 ms,
In other words, in delay status report for Option 2-1, only the delay information and the data volume information for PDU set 1 (i.e. 11ms, 30 Bytes) would be included, except the information for PDU set 2 (i.e. 12ms, 100 Bytes). Then, since the network cannot know whether there is additional delay-critical data with different delay requirement (i.e. PDU set 2), the network may provide only 30 Bytes UL grant to the UE, which may lead to discard of 100 Bytes. 
Given that the delay status report is to schedule the delay-critical data in time, it would be reasonable to report the amount of all delay-critical data in the delay status report, rather than reporting only the information with minimum remaining time. In this sense, there is no significant benefits to include only the information with the minimum remaining time in the Delay status report. 
For Option 2-2, it gives more flexibility for UE to report the delay information and associated delay-critical data. In the above example, UE may decide to report the amount of data volume for PDU set 1 and PDU set 2 with the delay information of PDU set 2 (i.e., 12 ms). 
However, deciding delay information by UE implementation has several problems. First, different UEs may decide delay-critical data with different criteria. For example, the UE1 thinks <5ms as delay-critical data, and the UE2 thinks <10ms as delay-critical data. Then, the frequency of delay status report will be different among UEs. Secondly, the delay-critical criteria may be different from UE and network. For example, the UE thinks <5ms as delay-critical data, but the network thinks <10ms as delay-critical data because the network can provide UL grant only after 5ms. In this case, even if the UE transmits the delay status report with delay information of 5ms, the network cannot schedule UL grant to the UE.
Therefore, in Option 2-2, a delay threshold should be provided by the network. Then, the UE decides delay information within the range below the delay threshold. But, if the delay threshold is provided by the network, the need for including delay information in the delay status report is questionable. As both UE and network already knows the delay information, delay information field may not be necessary in the delay status report.
The Option 3 is same as Option 2-2 except the delay information field is removed. As explained above, if the delay threshold is provided by the network, the delay information in the delay status report is not needed.
In our view, Option 3 is enough for delay status report. The network would configure the delay threshold based on its scheduling capability, and the UE reports the delay-critical data based on the delay threshold. This option is beneficial in that UE’s transmission of delay status report can be controlled by the network, and the UE implementation to calculate the delay-critical data volume becomes simple. In addition, the MAC CE format can be simplified compared to other options.
Proposal 6. DSR MAC CE includes only the amount of UL data whose remaining time is lower than the preconfigured threshold.

Cancellation of delay status report
After the delay status report is triggered, the corresponding information may not be valid due to the scheduling of UL grant to transmit the delay status report MAC CE, e.g., 
· When the UL grant(s) can accommodate all pending data available for transmission that has the remaining time lower than the threshold, or
· When the data is discarded due to the expiration of PDB/PSDB
When the triggered delay status report is no longer valid, the corresponding delay status report MAC CE should not be transmitted, in order to avoid the mismatch between the information in the UE side and the reported delay information. Therefore, the delay information should be cancelled when the triggering condition is no longer valid, e.g., due to the uplink scheduling delay of the delay status report. 
Proposal 7. Cancel the delay status report when the triggering condition is no longer valid (e.g., when the corresponding PDU is discarded or transmitted).
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we show our views on new BSR table and delay status report for XR traffic. In this contributions, followings are proposed:
Proposal 1. Confirm the Working Assumption: Define a new separate MAC CE for DSR (remaining delay and associated data volume) reporting, e.g. DSR reporting is not coupled with BSR reporting.
Proposal 2. The remaining time information is defined as remaining PDCP discard timer value configured for the corresponding SDU. 
Proposal 3. DSR is triggered in MAC layer, based on the internal signalling from PDCP layer and RLC layer.
Proposal 4. The PDCP layer determines the amount of delay critical data whose remaining PDCP discard timer value is less than the predetermined threshold, including followings:
· the PDCP SDUs for which no PDCP Data PDUs have been constructed;
· the PDCP Data PDUs that have not been submitted to lower layers;
· for AM DRBs, the PDCP SDUs to be retransmitted according to clause 5.1.2 and clause 5.13;
· for AM DRBs, the PDCP Data PDUs to be retransmitted according to clause 5.5 
Proposal 5. The RLC layer determines the amount of delay critical data whose remaining PDCP discard timer value is less than the predetermined threshold, including followings:
-	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).
Proposal 6. DSR MAC CE includes only the amount of UL data whose remaining time is lower than the preconfigured threshold.
Proposal 7. Cancel the delay status report when the triggering condition is no longer valid (e.g., when the corresponding PDU is discarded or transmitted).
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