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1. Introduction
In RAN#99, updated WID on XR enhancements was approved [1], and the following objectives were specified regarding XR-specific capacity improvements.
	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);


And the following agreements related to delay status reporting (DSR) were reached in RAN2#122 meeting. 
	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.
When/if UE reports remaining time, the reference time for the remaining time is determined from the point of the first transmission of the information. FFS if intra-UE prioritization can impact this.


In this contribution, we provide the discussion on delay status reporting for XR.
2. Discussion
XR traffic has strict delay requirements and needs to be transmitted before the requested PDB or PSDB expires. However, in the case of UL, gNB doesn’t know “remaining time” for UE’s buffered data and may not be able to perform timely UL scheduling. DSR aims to be a solution to this problem. If DSR can indicate to the gNB that the UE has data that urgently needs to be transmitted due to the short remaining time, the capacity can be improved by prioritising the scheduling of the corresponding data.
One candidate for DSR format is to introduce a new buffer size field which allows each LCG to report the amount of buffered data where the remaining time is lower than a predefined or configured threshold. In this case, since there is no need to introduce a field to explicitly indicate the remaining time, the DSR format can be defined in the same way as the legacy BSR format, as shown in Figure 1. That is, LCGi field can indicate the presence of the Urgent Buffer Size field for the logical channel group i. The Urgent Buffer Size field can identify the total amount of data with short remaining time and 5-bit or 8-bit BSR table can be reused for this field.
[image: ]Figure 1: Example of DSR format
Proposal 1:	RAN2 to consider delay status reporting (DSR) which allows each LCG to report the amount of buffered data where the remaining time is lower than a predefined or configured threshold.
DSR is not considered necessary when there is no urgent data in the UE buffer. Therefore, it may not be appropriate for DSR to be triggered by the legacy BSR triggering condition. Instead, a new triggering condition based on the remaining time can be considered. Specifically, DSR can be triggered when the remaining time becomes below a predefined or configured threshold. In addition, cancellation condition for triggered DSR should be discussed. There could be a case where DSR is triggered but no available UL resources are allocated. If the corresponding data expires before DSR transmission, the triggered DSR should be cancelled so that the gNB doesn’t misunderstand the urgent buffer size.
Observation 1:	Given that DSR would not be necessary when there is no urgent data in the UE buffer, it may not be appropriate for DSR to be triggered by the legacy BSR triggering condition.
Proposal 2:	DSR can be triggered when the remaining time becomes below a predefined or configured threshold.
Proposal 3:	Triggered DSR can be cancelled when the corresponding urgent data expires.
Considering the signalling overhead, it is not preferable for all LCGs to trigger DSR. For example, it may not be necessary to transmit DSR associated with traffic that does not have delay requirements. To avoid the frequent DSR triggering and transmission, it would be beneficial if it is configurable which LCGs can report DSR.
Proposal 4:	It should be configurable which LCGs can report DSR.
[image: ]In RAN2#122 meeting, it was agreed that the reference time for the remaining time is determined based on the timing of the first transmission of DSR. For the FFS of this agreement, in our view, intra-UE prioritization can impact the determination of the remaining time to be reported. In the current specification, if de-prioritized configured grant is configured with autonomousTx, UE autonomously transmits the de-prioritized PDU as a new transmission using the subsequent configured grant with same HARQ process. If DSR MAC CE is included in this de-prioritized PDU, the remaining time reported by the UE may differ from the actual remaining time. As shown in Figure 2, if DSR transmission is de-prioritized at T1 and autonomously transmitted at T1', the remaining time reported by the UE would be determined based on T1. On the other hand, since the gNB considers the transmission at T1' to be the first transmission, it recognizes the remain time based on T1’, resulting in misunderstanding of the actual remaining time.
Figure 2: Example of the remaining time for intra-UE prioritization
Observation 2:	Intra-UE prioritization may mislead the gNB about the actual remaining time of buffered data.
Proposal 5:	RAN2 to consider the impact of intra-UE prioritization on the determination of the remaining time.
3. Summary and proposal
In this contribution, we discussed the potential DSR enhancements for XR and provided the following observations and proposals.
Proposal 1:	RAN2 to consider delay status reporting (DSR) which allows each LCG to report the amount of buffered data where the remaining time is lower than a predefined or configured threshold.
Observation 1:	Given that DSR would not be necessary when there is no urgent data in the UE buffer, it may not be appropriate for DSR to be triggered by the legacy BSR triggering condition.
Proposal 2:	DSR can be triggered when the remaining time becomes below a predefined or configured threshold.
Proposal 3:	Triggered DSR can be cancelled when the corresponding urgent data expires.
Proposal 4:	It should be configurable which LCGs can report DSR.
Observation 2:	Intra-UE prioritization may mislead the gNB about the actual remaining time of buffered data.
Proposal 5:	RAN2 to consider the impact of intra-UE prioritization on the determination of the remaining time.
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