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



This paper aims to provide some of our views on DSR based on the agreements.
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 remaining time till the PDCP discarding timer expiry 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

Number of Delay Reports per LCG
There can be multiple packets or PDU Sets in the buffer of a LCG or LCH that are associated to different delay values (remaining time), due to their different arrival times. Considering this, it is questionable how many delay information the UE should report for a LCG in the DSR MAC CE. The issue has been discussed online during RAN2 #123 and the following observation has been captured as an agreement:
	Many companies think single value per LCG is sufficient. Some companies think scheduler needs more information.



We do have some sympathy to multiple delay values per LCG, as this can provide a more complete picture of the buffer status to the gNB. Nevertheless, since we have already agreed to support threshold based DSR reporting, it implies that a LCG has to be configured with multiple threshold levels if multiple delay values per LCG are needed, which increases specification complexity. On the other hand, reporting multiple delay information for a LCG also result in a more complicated UE implementation. Since we are approaching the end of Rel-18, we tend to think RAN2 can first agree single delay information per LCG as the baseline. Moreover, the UE should report the most urgent delay information.
Proposal 1: Support single delay information per LCG as baseline for Rel-18 DSR.

Contents of DSR
Regarding what information should be included for an LCG in a DSR MAC CE, we see three possible options:
1. A remaining time + A data volume associated to this remaining time
2. A data volume satisfies the remaining time threshold
3. A binary flag indicating whether this LCG has any data with remaining time satisfying the threshold.
It seems to be a common understanding that DSR is useful for the gNB to perform delay-aware scheduling. Specifically, by letting the gNB know how much remaining time is still available for a buffered data, the gNB is able to allocate the UL-SCH in time before the data is discarded. On the other hand, DSR may also be useful for the gNB to decide if scheduling is still worthwhile. For instance, if only a very little time is remaining which is not sufficient for the gNB to allocate the UL-SCH, the gNB can simply skip scheduling.
By taking this into consideration, it seems only Option 1 allows the gNB to use DSR for both of these purposes (in-time scheduling and scheduling skipping). Conversely, the gNB is unable to know exactly how much time that is still available for a buffered data in either Option 2 or Option 3. For example, assuming the remaining time threshold for DSR triggering of an LCG is 20ms, and the exact remaining time of the data could be either close to 19ms or close to 1ms when the DSR MAC CE is transmitted. With Option 1, the gNB is able to make very different scheduling decisions (e.g. schedule it or skip it) in accordance to the exact remaining time. However, with Option 2 and Option 3, the gNB cannot distinguish whether the remaining time is still sufficient, and may allocate the resource unnecessarily, which leads to more resource wastage. Thus, although Option 1 has more signaling overhead, we think both remaining time and the associated data volume should be included to make DSR a more useful information for the gNB.
Proposal 2: The delay information for a LCG in the DSR MAC CE should include a remaining time and an associated data volume.

SR Configuration for DSR
It seems most of the companies in RAN2 agree that DSR is triggered when the remaining time of a PDU or PDU Set drops below a threshold configured for the LCG. Similar 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 questionable 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 2 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 3: An LCH can be mapped to two independent SR configurations that are used for BSR and DSR respectively.

DSR Triggering and Cancellation
Once the DSR is triggered, it is considered pending until it is cancelled. Here we would like to enumerate a few conditions wherein 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 4: 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 is questionable whether there is still a need to transmit the pending DSR. 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, in cases 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 not be very 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 is still useful. 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 3:
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Proposal 5: 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.

In addition to the remaining time threshold, 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 6: 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.

DSR Disabling in Congestion
It is worth noting that, under the ongoing discussion of PSI-based discarding mechanism, RAN2 has agreed to investigate whether UL signalling should be minimized when network is congested. 
	RAN2 #122 Agreements:
Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 
FFS how/whether to minimize additional UL signalling after this indication.
FFS if the NW indication is a one-shot or also subsequent packets



From our perspective, if minimization of any UL signal is needed after the PSI-based discard mechanism is activated (i.e. congestion is present), we think the DSR (at least for some LCGs) should be disabled. It is worth noting that, the gNB can anyhow expects some packets will be staying in the buffer longer than usual when the network is congested, and it may not be able to allocate timely resources even if the DSR indicates the urgency of UL data. Thus, DSR is not that valuable when UL is congested, as such feedback from the UE may not have much influences to the gNB’s course of actions. Additionally, as UL resource becomes scarcer in congestion, the UE should use the available uplink resource (if any) for data, instead of MAC CEs such as DSR. With these considerations, we think DSR functionality can be disabled when the UE receives the network indication that activates the PSI-based discard mechanism, if the minimization of UL signalling in congestion is deemed to be desirable.
Proposal 7: The DSR functionality can be disabled when UL congestion is present (e.g. when PSI-based discard mechanism is activated by the network), if RAN2 thinks minimization of UL signalling is needed in congestion.

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.
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 8: 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: Support single delay information per LCG as baseline for Rel-18 DSR.
Proposal 2: The delay information for a LCG in the DSR MAC CE should include a remaining time and an associated data volume.
Proposal 3: An LCH can be mapped to two independent SR configurations that are used for BSR and DSR respectively.
Proposal 4: 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 5: 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 6: 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 7: The DSR functionality can be disabled when UL congestion is present (e.g. when PSI-based discard mechanism is activated by the network), if RAN2 thinks minimization of UL signalling is needed in congestion.
Proposal 8: To handle the impacts of intra-UE prioritization, the UE should refrain from using CG resources configured with autonomousTX to transmit DSR MAC CEs.

References
[1] RP-230786, Updated WID on XR Enhancements for NR, Nokia, Qualcomm, 3GPP TSG RAN #99, March 2023, Rotterdam, Netherlands.

image1.png
Triggering of

Transmission

Packet Arrival bufor detay of buffer delay Discarding of
t the packet
reporting report
Remaining Time (Information to be reported)
|
Starting of Expiration of

Discard Timer

Discard Timer

> Time




image2.png
Option 1

=]

Option 2
BSR

DSR





image3.png
DSR Triggering Interval: Cancellation

Packet Arrival T"gf;:ﬂ“;'.ﬁf R 1o DSA s tiggered or kept pending | Checking of DSR | packat
threshold X) if any buffer data has remaining time (:’::;::G f;‘)a Discarding
within this range (X - Y). i H
I T
Starting of Expiration of
Discard Timer Discard Timer

> Time




image4.png
Autonomous transmission of the
de-prioritised MAC PDU can be
performed here (same HARQ PID),
but delay information conveyed by
this MAC PDU is already outdated.

Configured Grant Configuration with
Autonomous Transmission enabled

HARQPID=0 HARQPID=1 HARQPID=0 HARQPID =1

A MAC PDU is generated
with delay information
reporting but de-prioritised

Time




