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1. Introduction
In RAN2#122[1], there were following agreements regarding DSR:
	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 RAN2#123[2], there were the following agreements regarding DSR:
	Network can configure the UE whether to trigger delay status reporting. FFS if we have some thresholds per LCG.
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.


According the above agreements, DSR with new MAC CE will be introduced but the exact content of the delay status report have not been determined yet. In this paper, the triggering, content and the transmission of DSR are discussed. 
2. Discussion
2.1. [bookmark: _Toc131522645][bookmark: _Toc131522564][bookmark: _Toc131522648][bookmark: _Toc133498954][bookmark: _Toc134281634][bookmark: _Toc134284369][bookmark: _Toc134439077][bookmark: _Toc141792788][bookmark: _Toc142039034][bookmark: _Toc142382546][bookmark: _Toc141792789][bookmark: _Toc142039035][bookmark: _Toc142382547][bookmark: _Toc141792790][bookmark: _Toc142039036][bookmark: _Toc142382548][bookmark: _Toc133498957][bookmark: _Toc141792791][bookmark: _Toc142039037][bookmark: _Toc142382549][bookmark: _Toc141792792][bookmark: _Toc142039038][bookmark: _Toc142382550][bookmark: _Toc141792793][bookmark: _Toc142039039][bookmark: _Toc142382551][bookmark: _Toc134281639][bookmark: _Toc134284374][bookmark: _Toc134439082][bookmark: _Toc141792794][bookmark: _Toc142039040][bookmark: _Toc142382552][bookmark: _Toc141792795][bookmark: _Toc142039041][bookmark: _Toc142382553][bookmark: _Toc141792796][bookmark: _Toc142039042][bookmark: _Toc142382554][bookmark: _Toc141792797][bookmark: _Toc142039043][bookmark: _Toc142382555][bookmark: _Toc141792798][bookmark: _Toc142039044][bookmark: _Toc142382556][bookmark: _Toc141793772][bookmark: _Toc141793773][bookmark: _Toc110950146][bookmark: _Toc110960576]DSR triggering and content
According the following agreements, both remaining time and the associated buffer status should be included in the DSR. 
	In RAN2#122
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 RAN2#123
When UE triggers reporting delay information for a LCG, and UE also reports the buffer status associated with the remaining time.


However, in RAN2#123 meeting, some companies brought up another candidate solution to implicitly include the delay information into the DSR. This means that there are two potential solutions regarding DSR contents as below:
· Option 1: for one LCG, the DSR only includes the corresponding buffer status associated with the DSR triggering threshold without the remaining time, and the gNB knows the remaining time for the LCG is smaller than the configured threshold upon DSR reception. 
· Option 2: for one LCG, the DSR includes both the remaining time value and the corresponding buffer status associated with the DSR triggering threshold. 
By Option 1, the gNB could know that the indicated LCG’s buffer status associated with the triggering threshold. At the same time, the DSR size can be saved due to no remaining time is included. However, the gNB can only know the remaining time of the indicated LCG is smaller than the configured threshold but does not know the exact remaining time value after receiving the DSR. Without the exact remaining time of the LCG, the scheduler may not be able to perform efficient scheduling. In one aspect, the UE may have already discarded the urgent data for the LCG due to the remaining time has expires but the gNB may continue to provide UL grants for the UE for urgent data transmission as the gNB does not know the remaining time has expired. Moreover, when the gNB has received DSRs from multiple UEs, the gNB does not know which UE is more urgent for transmission, while only knows the corresponding buffer size. As the gNB does not know the exact remaining time for these UEs, the gNB may provide more UL grants for a UE whose data has just reached the threshold while less UL grants to a UE whose data’s remaining time almost approaches 0, which will result in frame loss for the worse UE. Such scheduling behavior may lower the XR capacity of the system.
For Option 2, the DSR size could be slightly larger than Option 1 but the gNB can exactly know the remaining time of the urgent data and the size of the urgent data. When the gNB receives DSRs from multiple UEs, proper scheduling decisions can be timely made for all involved UEs by the gNB according to the accurate delay information. Considering the scheduling efficiency improvement based on the awareness of the exact remaining time and the high data rate of XR traffic, the cost several-byte overhead increased due to explicit remaining time in the DSR could be marginal and ignored. 
[bookmark: _Toc146803078]Observation 1: Compared to Option 2 (DSR includes remaining time and buffer status), Option 1 (DSR only includes buffer status) has the following defects:
a. [bookmark: _Toc146803079]The gNB does not know the exact remaining PDB for the reported LCG(s);
b. [bookmark: _Toc146803080]The gNB cannot exactly know whether the urgent data has been discarded;
c. [bookmark: _Toc146803081]The gNB cannot compare the urgent level between UEs based on the respective DSRs.
Hence, we think option 2 is more efficient and should be adopted for DSR. 
[bookmark: _Toc146803063]Proposal 1: Both the remaining time value and the associated buffer status should be explicitly included in the DSR.
In RAN2#123 meeting, it was agreed that:
	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.


Regarding the DSR with the remaining time report and the associated buffer status, two issues are still open for discussion, regarding the triggering and report content:
· Issue 1: Whether single or multiple delay thresholds can be configured per LCG;
· Issue 2: Whether single or multiple delay values/buffer sizes can be reported per LCG; 
To derive the answer for these two issues, one should investigate the delay spread for UL XR frame burst data arrival at the UE side. For UL, all the data is generated by the UE itself. When the raw data (video picture and audio data) for one vide frame is generated at the UE side, the application layer of the UE encodes the raw data and generates the frame burst, afterwards the application layer delivers the frame burst to the modem for UL transmission. 
Depending on the frame burst size variation, there could be considerable processing delay variation for video encoding at the application layer between frames, which may result in the UL jitter of different frame burst arrivals. But for each video frame, once the frame burst has been generated by the application layer, the delay spread for video frame burst delivery to RAN layers can be expected very short as the internal data delivery in the same UE device is very short. The delay spread for internal video frame delivery from application layer to modem can be ignorable compared to the total delay budget (e.g. 10 ms) in Uu interface. If the above understanding is correct, we can derive the following:
· The remaining times of all packets belonging to the same video frame burst are almost the same. The remaining time of the oldest packet in the UE buffer can indicate the remaining time of all buffered packets for one video frame burst.
· For one video frame burst, for which the DSR has been reported once, the gNB can derive the rough remaining time for all rest data belonging to this video frame burst without subsequent DSR for the same video frame burst.
From this perspective, it can be derived that multiple delay thresholds for one LCG for successive DSR report  or multiple delay values report for one video frame burst is not well motivated. 
In another aspect, configuring multiple delay thresholds means more standardization effort due to respective DSR triggering/cancellation scheme and related DSR format has to be defined. Furthermore, multiple delay thresholds configuration per LCG may mean considerably increase of DSR format size as multiple remaining time values/respective and multiple buffer sizes corresponding to respective delay thresholds need to be included in the DSR. 
[bookmark: _Toc146803082]Observation 2: There can be certain video frame burst arrival time variation due to changing video frame encoding delay in relation to video frame size variations.
[bookmark: _Toc146803083]Observation 3: After video encoding in application layer, the required time for video frame burst delivery to modem can be ignorable due to the high-speed data transfer within the UE.
[bookmark: _Toc146803084]Observation 4: Based on the remaining delay of the oldest buffered packet, the gNB can derive the remaining delay of the rest data belonging to the same video frame burst.
If it can be assumed that the delay spread of the video frame burst arrival in the UE is very small as mentioned above, it is enough that the remaining time value of the oldest packet in the buffer is reported in the DSR, and let the gNB to derive the remaining time of the rest data in the UE buffer by referring to this remaining time value. Based on the above discussion, we think one threshold configured and one remaining time value in DSR are enough for DSR triggering and reporting, respectively. 
[bookmark: _Toc146803064]Proposal 2: At most one remaining time threshold can be configured per LCG to trigger DSR.
[bookmark: _Toc146543780][bookmark: _Toc146550402][bookmark: _Toc146636575][bookmark: _Toc146636911][bookmark: _Toc146803065]Proposal 3: At most one remaining time value is included in DSR for one LCG.
Regarding the remaining time reported in DSR, we need to discuss  how the remaining time value is to be derived.  In PDCP entity, an PDCP PDU may have been already delivered to RLC layer. When the corresponding PDCP discardTimer expires, the PDCP entity may send the RLC layer a discard indication for the PDCP PDU. However, if there is risk to create the RLC SN gap for RLC AM/UM mode, the RLC entity may not discard the PDCP SDU and continue transmit the corresponding RLC PDU or the segments of the RLC PDU. In this case, the remaining time of oldest packet can be zero. For real-time XR service, even if the corresponding packet of the PDCP SDU reaches the peer receiver end, it could be probably discarded by the peer receiver due to the high risk of exceeding e2e delay budget. If such understanding is correct, it is no use to report the delay of the PDCP SDU whose remaining time has already been exhausted. The DSR should be triggered and generated based on the oldest packet whose PDCP discardTimer is still running.
[bookmark: _Toc146803066]Proposal 4: If DSR is triggered for an LCG, the remaining time of the oldest buffered PDU set/PDU with running PDCP discardTimer is running for this LCG is included in DSR.
In RAN2#123 meeting, it was agreed that:
	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. 



In addition, for one LCG whose delay information is to be reported, the size of the buffered data whose remaining delay does not exceed the configured threshold can be reported so that the gNB can provide enough UL grants to transmit all urgent data in time. Detailed data volume calculation is discussed in the subclause 2.2.
[bookmark: _Toc146803067]Proposal 5: For the triggered DSR for each LCG, the size of the buffered data whose remaining delay budget is not larger than the corresponding delay threshold is included in DSR.

2.2. Data volume calculation in PDCP and RLC
In RAN2#123 meeting, there is an FFS regarding data volume calculation for DSR: Detailed Definition of associated data volume is FFS. Similar to buffer size calculation for BSR, the data volume calculation for DSR should count both the urgent data buffered in the PDCP entity and the urgent data buffered in the corresponding RLC entity. 
For each PDCP PDU/SDU, when the residual value of the corresponding PDCP discardTimer goes lower than the configured threshold, the PDCP PDU/SDU should be regarded as urgent data. If the urgent PDCP PDU has already been delivered to RLC layer, this PDU should also be counted in DSR. But considering the RLC layer cannot be aware of which part of buffered data is urgent one, i.e. the residual value of discardTimer running in PDCP layer is lower than the threshold, the PDCP entity should send an indication, e.g. urgent data indication, to RLC entity and the RLC entity should record the urgent indication. Upon DSR is triggered and generated, the MAC entity will request the PDCP entity and the RLC entity to calculate the urgent data volume respectively. 
[bookmark: _Toc146803068]Proposal 6: A PDCP PDU/SDU, whose residual value of PDCP discardTimer is lower than the configured threshold, should be regarded as urgent data to be counted into DSR size.
[bookmark: _Toc146803069]Proposal 7: For any PDCP PDU already delivered to RLC entity, PDCP entity should send an indication, e.g. urgent data indication, to the RLC entity when it has been identified as urgent data. 
[bookmark: _Toc146803070]Proposal 8: Upon DSR generation and to be reported for each LCG, the data volume reported in DSR is the sum of total urgent PDCP data size and the total urgent RLC data size, calculated in PDCP and RLC layer, respectively. 

2.3. Delay information quantization
Similar as the BSR reporting, there is one issue on whether quantization of delay information in DSR is needed. To reduce the DSR size, proper quantization for the delay value could be considered. The quantization table for delay information could be either predefined (i.e. static) in specification or provided via RRC signaling, wherein the predefined option can save signaling overhead while the RRC configuration option allows the gNB to provide optimal delay quantization according to different E2D delay requirements. For the latter option with RRC configuration, the gNB can configure the mapping between the entries and the remaining time ranges according to the PDB in Uu interface. For instance, the gNB can configure dense entries in the interested delay/remaining time range to facilitate the efficient scheduling. 
[bookmark: _Toc146803073]Proposal 9: A quantization table for delay information in DSR should be introduced.
[bookmark: _Toc146803074]Proposal 10: RAN2 to consider the following two options for quantization table of delay information in DSR: a) Predefined static quantization table; b) Quantization table generated based on RRC configuration.

2.4. [bookmark: _Toc127283392][bookmark: _Toc127368534][bookmark: _Toc127457995][bookmark: _Toc127458023]SR trigger
When DSR is triggered, it is expected that the DSR can be sent to the gNB as soon as possible so that the gNB can perform scheduling accordingly. However, it could happen that there is no UL grant available for the UE when DSR is triggered. Hence, the related SR procedure for DSR transmission should be supported, similar as legacy BSR. The SR procedure could be further discussed once SR triggering by DSR is supported in RAN2.
[bookmark: _Toc146803077]Proposal 11: DSR should be able to trigger SR transmission.

3. Conclusion
In this contribution, we have discussed the remaining issue for DSR. Based on the above discussions, we have the following observations and proposals:
Observation 1: Compared to Option 2 (DSR includes remaining time and buffer status), Option 1 (DSR only includes buffer status) has the following defects:
a. The gNB does not know the exact remaining PDB for the reported LCG(s);
b. The gNB cannot exactly know whether the urgent data has been discarded;
c. The gNB cannot compare the urgent level between UEs based on the respective DSRs.
Observation 2: There can be certain video frame burst arrival time variation due to changing video frame encoding delay in relation to video frame size variations.
Observation 3: After video encoding in application layer, the required time for video frame burst delivery to modem can be ignorable due to the high-speed data transfer within the UE.
Observation 4: Based on the remaining delay of the oldest buffered packet, the gNB can derive the remaining delay of the rest data belonging to the same video frame burst.

Proposal 1: Both the remaining time value and the associated buffer status should be explicitly included in the DSR.
Proposal 2: At most one remaining time threshold can be configured per LCG to trigger DSR.
Proposal 3: At most one remaining time value is included in DSR for one LCG.
Proposal 4: If DSR is triggered for an LCG, the remaining time of the oldest buffered PDU set/PDU with running PDCP discardTimer is running for this LCG is included in DSR.
Proposal 5: For the triggered DSR for each LCG, the size of the buffered data whose remaining delay budget is not larger than the corresponding delay threshold is included in DSR.
Proposal 6: A PDCP PDU/SDU, whose residual value of PDCP discardTimer is lower than the configured threshold, should be regarded as urgent data to be counted into DSR size.
Proposal 7: For any PDCP PDU already delivered to RLC entity, PDCP entity should send an indication, e.g. urgent data indication, to the RLC entity when it has been identified as urgent data. 
Proposal 8: Upon DSR generation and to be reported for each LCG, the data volume reported in DSR is the sum of total urgent PDCP data size and the total urgent RLC data size, calculated in PDCP and RLC layer, respectively. Proposal 9: A quantization table for delay information in DSR should be introduced.
Proposal 10: RAN2 to consider the following two options for quantization table of delay information in DSR: a) Predefined static quantization table; b) Quantization table generated based on RRC configuration.
Proposal 11: DSR should be able to trigger SR transmission.
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