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Introduction
For Rel-19 XR Phase 3, we have the following objective [1]:
-	Specify Enhancements for Scheduling, as follows: 
-	For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
Based on the discussions during RAN2 #125bis, RAN2 has reached the following agreement [2]:
	RAN2 #125bis Agreements:
RAN2 will study enhancing existing DSR with additional information, e.g. multiple pairs of remaining time/buffer information, importance. FFS whether this only includes more information on delay-critical data or also information about non-delay critical data.



This paper presents some of our views about how DSR could be enhanced to provide more comprehensive information regarding the buffer status.

Discussions
DSR with Remaining Time Distribution
The DSR introduced in Rel-18 includes the following information in the MAC CE [3]:
· The identification of LCG(s) that the DSR is concerned.
· The shortest remaining time value among all PDCP SDUs that are buffered for the concerned LCG.
· The BS table selection for reporting of delay-critical data volume.
· The delay-critical data volume (calculated based on clause 5.15 in TS 38.323 [4]).
One shortcoming of the existing DSR design is that, only the smallest remaining time among all buffered PDCP SDUs in the LCG is reported, so in some sense it may overlook the fact that a larger portion of buffered data may actually have much larger remaining time than the reported value. Hence, based on the reception of such DSR, the gNB may wrongly assume that all the reported data volume are associating to the reported remaining time, and eventually resource allocation may be conducted in an inappropriate fashion. 
To address this issue, it has been argued that DSR should be enhanced to provide more comprehensive information, as it may be beneficial if the gNB can get a full picture about delay information associating to different portions of buffered data. In light of this, some directions such as multiple delay-volume pairs have been suggested. Additionally, a few companies think that DSR should also indicate non-delay-critical data volume. All these proposals aim to give the gNB a more complete knowledge about the uplink buffer delay status.
However, including more information into the DSR MAC CE may also result in more signaling overhead. Considering that DSR is typically more valuable when the network is already experiencing a certain level of congestion, we think it is crucial to make sure DSR enhancement does not increase signalling overhead excessively. In particular, we have noted that reporting of one single Buffer Size (BS) takes at least one byte as both Table 6.1.3.1-2 and Table 6.1.3.1-3 in [3] are 8-bits. Thus, reporting more than one BS values for one LCG can scale up the overhead of the DSR MAC CE quite easily, especially if the MAC CE can be used to report DSR for multiple LCGs jointly (as in Rel-18 DSR MAC CE). Moreover, each reported BS value may be further associated with a BS table selection indicator, which makes it even more challenging to keep the overhead low.
Observation 1: Reporting one Buffer Size requires at least 8 bits, along with a BS table selection indictor, in the DSR MAC CE. The overhead can be scaled up easily if multiple Buffer Sizes are to be reported for one LCG.

To report the overall delay status of the buffer with smaller signalling overhead, we think the new DSR MAC CE can aim to provide information that represents a Cumulative Distribution Function (CDF) of buffered data and their associated remaining time, as illustrated below:
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Figure 1 An illustrative example of CDF for remaining times of buffered data
That is, the DSR can indicate the remaining time of multiple percentile points of the buffered data. Figure 1 can be interpreted as following:
· The first portion of 25% of the buffered data is associating with a remaining time r0.
· The second portion of 25% of the buffered data is associating with a remaining time r1.
· The third portion of 25% of the buffered data is associating with a remaining time r2.
· The fourth portion of 25% of the buffered data is associating with a remaining time r3.
Note that the “associated remaining time” could be the minimum or maximum remaining time among PDCP SDUs in the corresponding buffer portion (the details can be further discussed). The percentile points could be pre-configured by the network, and so the DSR MAC CE can include the following:
· One BS field that indicates the total data volume of the LCG, and
· Multiple remaining time fields that indicate the remaining time associating to different pre-configured percentile points (e.g. 25%, 50%, 75% and 100%) of the total data volume.
With such approach, since the number of BS value for a LCG is always one (i.e. always 1 byte), the number of bytes required by the DSR for this LCG in the MAC CE does not scale up linearly. Furthermore, only one BS table selection indicator is needed for one LCG. Even though multiple remaining time values are to be reported, currently the remaining time value is not reported based on look-up tables, so we have higher flexibility to control the number of bits required by the remaining time information in the specification.
Proposal 1: To provide more comprehensive information about the buffer delay status with smaller overhead, RAN2 can consider DSR based on cumulative distribution function (CDF) of remaining time of buffered data, where only one BS value and multiple remaining time values corresponding to different percentile points of buffered data are reported for one LCG.

Regardless how DSR will be enhanced in Rel-19, if multiple remaining time values are to be reported (e.g. for one LCG) in the MAC CE, we think the overhead could be reduced by differentially encoding the remaining time information. For instance, if the MAC CE targets to report r0, r1, and r2 as the remaining times corresponding to three different portions of data in a LCG, the MAC CE can include the value r0 along with the values of (r1 - r0) and (r2 - r0). Based on the reported differential values, the gNB can work out r1 and r2 by taking r0 as the reference. Since DSR is mainly used to report the status of delay-critical data (i.e. packets with remaining time shorter than a specific threshold), we assume the differences among different portions of the delay-critical data should be quite small. Hence, fewer bits can be used to represent such differential information of the remaining times, which in turn improves the signalling efficiency.
Proposal 2: If multiple remaining time values are to be reported for one LCG in the enhanced DSR (e.g. remaining time values corresponding to different portions of buffered data), the signalling overhead can be reduced by applying differential encoding among the multiple remaining time values to be reported in the DSR MAC CE.

DSR with Importance Information
In RAN2 #125bis, several companies have mentioned that importance level of buffered data should be reported in the DSR, which can assist delay-aware scheduling. However, in our understanding, PDU Set Importance (PSI) is mainly used for the purpose of discarding when congestion is present according to TS 23.501 [5], rather than scheduling:
	The NG-RAN may use the Priority Level (see clause 5.7.3.3) across QoS Flows and PDU Set Importance within a QoS Flow for PDU Set level packet discarding in presence of congestion.



In our opinions, by default the gNB should anyway strive to allocate UL resources to the UE in accordance with the BSR/DSR information, regardless of how important the buffered data is. Furthermore, even if the gNB can allocate the UL-SCH resource based on its knowledge of data volume associating to specific importance level, eventually we cannot guarantee the more important data in a LCH will be allocated to the UL-SCH more immediately. Thus, it is unclear how the importance information in the DSR can be helpful.
Moreover, even when PSI-based SDU discarding is activated for a DRB, where different discard timer (namely discardTimer and discardTimerLowImportance) are applied for PDU Sets with different importance, only the more important PDCP SDUs with discardTimer will be considered as delay-critical packets for DSR, while less-important PDCP SDUs with discardTimerLowImportance are naturally excluded based on the definition [4]:
	Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer expiry is less than the remainingTimeThreshold. If pdu-SetDiscard is configured, a PDCP SDU belonging to a PDU Set of which at least one PDCP SDU has the remaining time till discardTimer expiry less than the remainingTimeThreshold.



In other words, currently the DSR anyway does not include data volume associating with less-important PDU Sets, so all the data volume to be reported with DSR is important. With these in mind, we do not see the value of including importance information in the DSR. 
Proposal 3: There is no need to include importance information in the DSR.

Conclusions
In this paper, we have presented our views on DSR enhancements, with the following observation and proposals:
Observation 1: Reporting one Buffer Size requires at least 8 bits, along with a BS table selection indictor, in the DSR MAC CE. The overhead can be scaled up easily if multiple Buffer Sizes are to be reported for one LCG.

Proposal 1: To provide more comprehensive information about the buffer delay status with smaller overhead, RAN2 can consider DSR based on cumulative distribution function (CDF) of remaining time of buffered data, where only one BS value and multiple remaining time values corresponding to different percentile points of buffered data are reported for one LCG.
Proposal 2: If multiple remaining time values are to be reported for one LCG in the enhanced DSR (e.g. remaining time values corresponding to different portions of buffered data), the signalling overhead can be reduced by applying differential encoding among the multiple remaining time values to be reported in the DSR MAC CE.
Proposal 3: There is no need to include importance information in the DSR.
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