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Introduction
During RAN2 #123, we have reached the following agreements for delay reporting [1]:
	
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.



More progress has been made in RAN2 #123bis [2]:
Agreements on DSR 
1. For triggering DSR, the shortest remaining-time left for the buffered data in UL is smaller than a configured threshold is used, if there is no pending DSR associated for that LCG.  
2. One threshold per LCG for triggering purposes is enough for delay status report
3. The data volume calculation to be reported in the DSR will consider the at size of the full remaining PDUs in the PDU set (if any PDU within the PDU set is with remaining time below the threshold), if the PDU set discard is configured.  FFS what to report for the case of not PDU set discard configured
4. Support single delay information per LCG as baseline for Rel-18 DSR.  The remaining time (the shortest remaining time in the LCG) will be explicitly reported in the DSR.

In this paper, we aim to discuss the following aspects of DSR:
· What are the triggering and cancellation conditions of DSR?
· Whether padding DSR should be supported?
· How to handle the SR that can be triggered when there is no available UL-SCH resource for DSR ?
· How to address the impacts of intra-UE prioritization to DSR reference time?

Discussions
An Overview of DSR Timeline
We first present our understanding of DSR operation based on the existing RAN2 agreements. The DSR should be triggered when the remaining time of buffered data in a LCG drops below a remaining time threshold configured for the LCG. The UE should report the smallest remaining time till the PDCP discarding timer expiry, along with the data volume associating to this remaining time, as the buffer delay information. Also, the remaining time should take the timing of the first transmission of such report as the reference time. The overall buffer delay reporting procedure can be illustrated in the timing diagram shown in Figure 1:
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Figure 1 A timing diagram of DSR

DSR Triggering and Cancellation
We have agreed that DSR can be triggered when the remaining time of buffered data drops below a pre-configured threshold. Moreover, the DSR is associated with a data volume information. The purpose of DSR is to inform the gNB about how much data has to be transmitted within a time period. In ideal cases, the gNB can allocate the UL-SCH resources that is large enough for the associated data volume indicated in the DSR. However, it is questionable if the UE should trigger the DSR if it can already foresee some UL-SCH resources that is sufficient for the UE to transmit the UL data in time. For example, if multi-PUSCH CG is configured, the UE can already foresee multiple upcoming PUSCH opportunities that may already be enough for the UE to transmit the delay-critical UL data, and therefore in such cases triggering of DSR may be unnecessary. Hence, for DSR triggering we think the UE should also consider if it can already foresee sufficient UL resource for to it to transmit the delay-critical data in time. In general, to reduce UE complexity, we think the UE should avoid DSR triggering when there is no need.
Proposal 1: For DSR triggering, in addition to remaining time threshold, the UE should also consider if it already has sufficient resource (e.g. Multi-PUSCH CG) that can accommodate the uplink transmission of delay-critical data in time.

Once the DSR is triggered, it is considered pending until it is cancelled. Here we would like to enumerate a few conditions in which a pending DSR can be cancelled. We think DSR should be cancelled when:
· The condition(s) that triggered the pending DSR is no longer fulfilled. For instance, the data volume in the LCG with remaining time shorter than a threshold becomes zero (due to either discarding or transmission).
· The triggered DSR MAC CE is multiplexed into a MAC PDU
· The reset of MAC entity is requested by upper layer.
Proposal 2: The pending DSR can be cancelled when its triggering conditions are no longer fulfilled, when it is multiplexed into a MAC PDU, or when the reset of MAC entity is requested by upper layer.

On the other hand, even before the buffered data is discarded, if the remaining time is already very short (for instance, shorter than 3ms), it may be unnecessary to keep the DSR pending. Even if the DSR can be delivered within the remaining time, most likely it is not going to be useful for the gNB, as there is no sufficient time for the gNB to carry out any resource allocation anyway. Also, even if any UL resource can be made available within this very short remaining time interval, the UE should try to use resource by prioritizing the user data in a hope such that such data can be transmitted before being discarded, instead of using the resource for DSR MAC CEs that may be no longer useful. Conversely, we also have cases where there is other data in the buffer that still satisfies the DSR triggering criteria with sufficient remaining time, and therefore DSR can still provide good buffer status information to the gNB. Therefore, we think an LCG could be provided with two remaining time thresholds:
· A remaining time threshold for DSR triggering, denoted as X.
· A remaining time threshold for DSR cancellation, denoted as Y.
Thus, a “DSR triggering range” can be defined based on X and Y (where X>Y). It is worth noting that, the value of Y could be fixed in specification, rather than configurable. The UE should trigger a DSR (or keep a triggered DSR pending) if there is any data in the buffer of LCG that has a remaining time falls into the range of DSR triggering interval (i.e. X-Y). Otherwise, the UE may refrain from triggering the DSR, or cancel the pending DSR. This is depicted in Figure 2:
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Figure 2 An illustration of “DSR Triggering Range” defined by two remaining time threshold for a LCG.
Proposal 3: Two remaining time thresholds can be used for an LCG to define a “DSR Triggering range”. The DSR can be kept pending if there is any data in the LCG that has a remaining time falls into such range. Otherwise, the DSR can be cancelled.

Additionally, just like BSR, we think another potential triggering condition for DSR MAC CE is the availability of padding bits of a UL-SCH resource. As discussed above, we have assumed that DSR should be triggered when the remaining time of buffered data satisfies certain conditions (e.g. reaches or drop below a threshold). However, handling of the buffered data can become more urgent and complicated if the UE does not have an immediate UL resource to transmit the DSR MAC CE, and resource allocation gets more difficult as time evolves. Thus, we think it is beneficial if the gNB is able to get some early “heads up” about the buffer delay status, when there is an opportunity to that, even before the remaining time threshold is reached. Apparently, when there are padding bits available in a UL-SCH resource, some Padding DSR could be triggered for such purposes. 
Since we already have Padding BSR, some rules may need to be defined to ensure both Padding BSR and Padding DSR can work properly. According to TS 38.321, the UE selects different BSR formats for Padding BSR, depending on how many padding bits are available. We think similar selection rules can be applied, such as:
· When the number of padding bits is large enough for both a BSR and a DSR, both BSR and DSR MAC CEs are included;
· When the number of padding bits is only enough either a BSR or a DSR, the DSR is included;
· When the number of padding bits is only enough a BSR but not DSR, the BSR is included.
These are merely examples, with an assumption such that padding DSR has higher priority than padding BSR. We suggest RAN2 can discuss further to sort out the details.
Proposal 4: Padding DSR can be supported. The UE can determine either Padding BSR or Padding DSR (or both of these MAC CEs) should be included in a MAC PDU based on the number of available padding bits.

SR Configuration for DSR
Akin to Regular BSR, if the UE does not have available UL-SCH resources to send the DSR MAC CE when it is triggered, we think the UE should also trigger a SR in order to get the resource. Since DSR can be more urgent than BSR in many cases, it is desirable to get the resource sooner.
Currently, each LCH is mapped to at most one SR configuration, which is used by the UE to get resources for BSR. When this LCH whose LCG is also configured to report DSR, it is unclear how the UE should trigger the corresponding SR. We think RAN2 can discuss the following options:
1. A common SR configuration is used for both BSR and DSR triggered by an LCH.
2. Two separate SR configurations are respectively used for BSR and DSR triggered by an LCH.
These options are illustrated in Figure 2:
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Figure 3 Two different options of SR configuration for a LCH that trigger BSR and DSR.
In Option 1, the same set of SR parameters (e.g. SR-PUCCH resource, SR periodicity, SR prohibit timer value etc) are used regardless whether BSR or DSR is triggered by this LCH, and the specification impact is probably smaller. However, we must highlight that such approach is not so optimal, especially in the cases where DSR is considered to be more urgent than BSR. In particular, in many cases BSR will be triggered earlier than DSR (e.g. when the data first arrive in the UL buffer), and so potentially the SR prohibit timer is already running when the DSR is triggered. Hence, the SR for DSR cannot be signalled immediately. Besides, the SR-PUCCH periodicities for BSR triggered by a LCH may not be always suitable for DSR triggered by the same LCH.
Hence, it may be more appropriate to associate two independent SR configurations to an LCH, as in Option 2. In such cases, BSR and DSR can use separate SR resources and SR-related parameters, and they can be configured in a more flexible fashion to suit the needs. It is worth noting that, RAN2 has agreed the working assumption of decoupling BSR and DSR, because they are used for different intentions, and it is good to keep the specifications clean by avoiding the DSR to create some conflicts with the well-defined BSR procedures. With the similar train of thoughts, we think Option 2 is a better approach in this context.
Proposal 5: An LCH can be mapped to two independent SR configurations that are used for BSR and DSR respectively.

Impacts of Intra-UE Prioritization to DSR
It has been agreed that the reference time for the DSR corresponds to the first transmission of such report. The intention is to make sure that the buffer delay information received by the gNB is up to date, as required by the agreement made in RAN2 #120:
	RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 



Nevertheless, we may not be able to guarantee that DSR information is up to date if the UE is also configured with intra-UE prioritization. In particular, there may be some issues when the UE intends to include DSR MAC CE into an uplink resource of a configured grant configuration with autonomousTX enabled. According to TS 38.321, if a generated MAC PDU of a CG is de-prioritized in the middle of its PUSCH transmission, it can be transmitted “again” autonomously on a subsequent CG resource with the same HARQ PID, if the CG is configured with autonomousTX. Since the autonomous transmission is modeled as a new transmission from gNB perspective, the DSR conveyed by this MAC PDU may be misleading, because the delay information is already outdated when it is received by the gNB due to incorrect interpretation of the reference time. The problematic scenario is depicted in Figure 4. We also want to stress that, autonomousTX is a feature that works in conjunction with intra-UE prioritization, and hence we think it is reasonable to foresee autonomousTX in XR use cases, as intra-UE prioritization could be employed in XR to facilitate more rapid transmission of some delay-sensitive traffics. 
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Figure 4 An illustration of potential problem of transmitting DSR in CG configured with autonomousTX.
In RAN2 #122, we have agreed that the impact of intra-UE prioritization should be considered:
	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.



To solve this problem, we think we can simply avoid the problem by mandating the UE not to use CG configured with autonomousTX for DSR. That is, when DSR is triggered, the UE should refrain from selecting a UL resource from a CG configuration with autonomousTX enabled. Although this may not be an optimal approach, we think such a simple solution is sufficient to handle such cases in Rel-18 at least. It has been argued that we can rely on UE implementation to handle such issue, such as “update” the DSR MAC CE in the MAC PDU when autonomous transmission is to be performed. However, this requires some more UE complexity to be able to change the MAC PDU contents that is already stored in a HARQ buffer. Hence, we would prefer to avoid such problem upfront by specifying the rules.
Proposal 6: To handle the impacts of intra-UE prioritization, the UE should refrain from using CG resources configured with autonomousTX to transmit DSR MAC CEs.

Conclusions
In this paper, we have the following proposals for DSR:
Proposal 1: For DSR triggering, in addition to remaining time threshold, the UE should also consider if it already has sufficient resource (e.g. Multi-PUSCH CG) that can accommodate the uplink transmission of delay-critical data in time.
Proposal 2: The pending DSR can be cancelled when its triggering conditions are no longer fulfilled, when it is multiplexed into a MAC PDU, or when the reset of MAC entity is requested by upper layer.
Proposal 3: Two remaining time thresholds can be used for an LCG to define a “DSR Triggering range”. The DSR can be kept pending if there is any data in the LCG that has a remaining time falls into such range. Otherwise, the DSR can be cancelled.
Proposal 4: Padding DSR can be supported. The UE can determine either Padding BSR or Padding DSR (or both of these MAC CEs) should be included in a MAC PDU based on the number of available padding bits.
Proposal 5: An LCH can be mapped to two independent SR configurations that are used for BSR and DSR respectively.
Proposal 6: To handle the impacts of intra-UE prioritization, the UE should refrain from using CG resources configured with autonomousTX to transmit DSR MAC CEs.
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