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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]During RAN2#122 in Seoul the following agreements were recorded in [1] (the number of reported values was left for further study):
	[bookmark: _Hlk145925567]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.


Then after more discussions during RAN2#123 in Toulouse the following agreements were recorded in [2]:
	
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.



In this paper we will discuss threshold and multiple value reporting.

Discussion
There are many reasons for multiplexing PDU Sets with different remaining times within a single LCG.
First, different PDU sessions can be multiplexed in one QoS flow. For example, when two video sessions with the same QoS requirements (e.g. same PSDB) are mapped to the same QoS flow. In that case, if the PDU Sets of the two PDU sessions are not synchronized, the different bursts may arrive at different times at the UE buffers and thus having different remaining times.
Another possibility is that the PSDB may be larger than the image period, in that case it may happen that the UE has in its buffers two PDU Sets with different remaining times.
Another possibility is the non-PDU Set based channel for example to handle the pose PDUs. Each Pose PDU will have a different remaining time in the UE buffers.
Finally, there is still the possibility that two PDU sessions with similar QoS requirements but different PDSBs being multiplexed in the same QoS flow.
For reporting the delay, two solutions are currently discussed: single threshold- or multiple thresholds-based reporting. In section 2.1 we give our views on the multiple thresholds reporting and in section 2.2 we give our views on the single threshold reporting.
Multiple values, multiple thresholds
When multiple values can be reported in one DSR, the simplest solution is to report each PDU set separately. However, the overhead can be reduced by grouping the PDU Sets with the same remaining time into a single value in the DSR report. The reported buffer status shall then account for available data for all the grouped PDU Sets.
Proposal 1: For one LCG, PDU Sets that have the same remaining time should be grouped in a single DSR report.	
Proposal 2: For one group of PDU Sets with the same remaining time, the reported buffer size is indicative of the amount of data available for all of the grouped PDU Sets.

It can be advantageous for the network to receive DSR reports while the remaining time is not yet critically low. For example, in case of congestion, it may not be so easy to send the DSR. It seems more efficient to send the DSR in advance and let the network monitoring the remaining time per PDU Set once it receives the first DSR. This can also give more flexibility to the network to anticipate the scheduling decisions. To send the DSR earlier, the trigger can be similar to the BSR trigger, when data first becomes available for uplink transfer.
Proposal 3: The chosen trigger shall allow the DSR report to be sent before the remaining time becomes critical (e.g., when new data is available, similar to BSR trigger).
Having sent the DSR early, when first data was available for uplink transfer, the UE shall later send updated buffer status to the network so that the network is able to monitor the evolution of the remaining time. Since the network already received the remining time information, it is not necessary to send it each time.
Proposal 4: When new data is ready for uplink for one LCG, send an updated DSR with buffer status only
Single threshold
As discussed in the previous section, multiple PDUs may be multiplexed in one LCG. If the PDU Sets have similar delay budgets, similar periodicity and synchronized image generation time, it is likely that they can reach the delay threshold trigger simultaneously. Another example is two non-synchronized PDU Sets or PDU Sets with different delay budget requirements. 
[image: ]
Figure 1: Multiple PDU Sets, single threshold
The following figures illustrate an example of an LCG multiplexing three PDU Sets (S1, S2, S3) managed by PDCP discard timers (DT1, DT2, DT3), respectively. A remaining time counter is managed for each PDU Set (RT1, RT2, RT3). All remaining time counters are compared to a single remaining time threshold (TH1) configured by the network. 

[image: ]
Figure 2: First data from PDU Set S1
At first, data becomes available for PDU Set S1, PDCP notify a discard timer value DT1 of 30 ms, remaining time counter RT1 is set to 30 ms.

[image: ]
Figure 3: First data from PDU Set S2
After 5 ms, data becomes available for the second PDU Set (S2), PDCP notify a discard timer value DT2 of 30 ms, remaining time counter RT2 is set to 30 ms. Meanwhile, the remaining time counter RT1 is now at 25 ms.
[image: ]
[bookmark: _Ref146467199]Figure 4: First data from PDU Set S3 and first trigger
15 ms later, data becomes available for the third PDU Set (S3), PDCP notify a discard timer value DT3 of 16 ms, remaining time counter RT3 is set to 16 ms. Meanwhile, the remaining time counter RT1 is now at 10 ms triggering a DSR report with S1 buffer status. The remaining time counter RT2 is now at 15 ms.
[image: ]
[bookmark: _Ref146468258]Figure 5: Second trigger
5 ms later, the remaining time counter RT2 reaches the remaining time threshold and a DSR is triggered for PDU Set 2. The remaining time counter RT1 is at 5 ms and the remaining time counter RT3 is at 11 ms.
[bookmark: _Hlk146470402]If, in another example, the discard timer DT3 was 15 ms, instead of 16 ms, two independent PDU Sets S2 and S3 would have reached the remaining time threshold simultaneously. In a single threshold system, there is no need to send two DSR, one DSR can report the sum of available data from the two PDU Sets, thus minimizing the overhead.
Proposal 5: For one LCG, PDU Sets that reaches simultaneously the remaining time threshold shall be reported in a single DSR
Back to the current example, when S2 reaches the remaining time threshold, S3 is 1 ms away from reaching the same threshold. In a single threshold system, there shall be some flexibility (may be configured by the network) in the threshold definition allowing PDU sets with almost the same remaining time to be reported in the same DSR. 
Proposal 6: For one LCG, PDU Sets that reaches the remaining time threshold almost in the same time shall be reported in a single DSR
When S1 reached the remaining time threshold (Figure 4), the UE may have subsequently failed to send the corresponding DSR report. Similar to BSR truncated report, the DSR report may have been arbitrated out in favour of a higher priority LCG. Intra UE prioritization might also delay DSR sending. In the case where S1 DSR is not yet sent when S2 is triggered (Figure 5), it may be interesting to send a single DSR report combining both S1 and S2.
Proposal 7: For one LCG, the reported buffer status shall include the status relative to the PDU sets that have recently reached the threshold as well as the PDU sets that have reached the threshold earlier but did not have an associated DSR
At the time when S2 reaches the remaining time threshold (Figure 5), although S1’s DSR have already been sent earlier, there may be some data left in UE buffers corresponding to S1. In that situation, it may be interesting to sum the data left for S1 with the available data from S2 in a single DSR.
Proposal 8:  For one LCG, the reported buffer status shall include the status relative to the PDU sets that have recently reached the threshold as well as the PDU sets that have reached the threshold earlier but that still have available data in the buffers
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For one LCG, PDU Sets that have the same remaining time should be grouped in a single DSR report	
Proposal 2: For one group of PDU Sets with the same remaining time, the reported buffer size is indicative of the amount of data available for all of the grouped PDU Sets.
Proposal 3: The chosen trigger shall allow the DSR report to be sent before the remaining time becomes critical (e.g., when new data is available, similar to BSR trigger).
Proposal 4: When new data is ready for uplink for one LCG send an updated DSR with buffer status only
Proposal 5: For one LCG, PDU Sets that reaches simultaneously the remaining time threshold shall be reported in a single DSR
Proposal 6: For one LCG, PDU Sets that reaches the remaining time threshold almost in the same time shall be reported in a single DSR
Proposal 7: For one LCG, the reported buffer status shall include the status relative to the PDU sets that have recently reached the threshold as well as the PDU sets that have reached the threshold earlier but did not have an associated DSR
Proposal 8:  For one LCG, the reported buffer status shall include the status relative to the PDU sets that have recently reached the threshold as well as the PDU sets that have reached the threshold earlier but that still have available data in the buffers
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