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1. Introduction
[bookmark: Proposal_Pattern_Length]This document continues discussion on how to enhance UL scheduling using delay/deadline information and DSR considering latest RAN2#125bis agreements:
· RAN2 will study whether/how to resolve the issue of data with low remaining time being delayed due to other data from LCHs with higher LCH priority when using the existing LCP procedure. At least the following alternatives will be studied:
· Alternative 1: Enhance LCP restrictions/LCH selection.
· Alternative 2: Enhance LCH prioritization.
· RAN2 should consider potential impact on traffic from SRBs.
· 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.
1. Discussion
LCH prioritization enhancements
LCP mechanism does not change the priorities after data is assigned to one channel. However, it might be desirable to “change” (or adapt) the priority/handling associated to the packets after being in UE’s buffers under specific situations e.g., when the packet delay budget (PDB) requirement is tight. Figure 1 provides an example on how logical channel prioritization of buffered data may work based on legacy behaviour (in the left) or with a new prioritization on top (in the right) where data in LCH2 with priority p2 gets prioritized for transmission over other in LCH1 with priority p1. If logical prioritization mechanism allows to change or adapt the prioritization associated to data available in UE’s buffers after it is assigned to one specific logical channel, it is important to deliver this data in order, while maintaining the benefits of the current LCH prioritization mechanism such as to prevent starvation among logical channels, to maintain a clean separation between logical channels and not to add too much complexity on the LCH prioritization mechanism.
[image: ]
[bookmark: _Ref162880356]Figure 1. LCH prioritization of buffered data as per legacy (left) or with a new prioritization on top (right) 
Proposal 1. [bookmark: _Toc165879932][bookmark: _Toc165933641][bookmark: _Toc166074443][bookmark: _Toc166157359][bookmark: _Toc166157367][bookmark: _Toc166157439][bookmark: _Toc163036648][bookmark: _Toc163052079][bookmark: _Toc163117875][bookmark: _Ref162881668][bookmark: _Toc162894940][bookmark: _Toc163140522][bookmark: _Toc163140587][bookmark: _Toc166158288][bookmark: _Toc166158347][bookmark: _Toc166158406]Resource allocation can be changed/adapted for specific/critical packets that require a higher priority of transmission such that these packets can be transmitted before data of other logical channels. 
Different trigger events could be considered to change the priority of transmission for certain buffered data:
· Trigger (1) Maximum/tolerable delay related information considering PDB, PSDB or remaining time delay. This remaining delay helps to understand the urgency with which the corresponding data needs to be sent before it becomes invalid in Tx side.
· Trigger (2) PDUs belonging to the same PDU Set. When prioritizing transmission of data, it could be preferable to send all packets belonging to the same PDU Set at the same time instead of only parts of them.
· Trigger (3) Importance of the data. When prioritizing transmission of data, it may be preferable to do so for data identified as critical data or high importance of PDU Sets. During Rel-18 XR, “delay critical PDCP SDU” (and correspondingly “delay critical RLC SDU”) and “low importance PDU Set” were defined. This kind of information could be potentially used for this trigger (3).
· Trigger (4) Multi-modal related information. When prioritizing transmission of data, it could be preferable to send related packets of different XR traffic flows belonging to the same multi-modal service. However, this topic is dependent on RAN2 conclusion of the study on whether it is helpful for RAN and UE AS layer to enhance its operation considering multi-modal kind of information.
Proposal 2. [bookmark: _Toc162894941][bookmark: _Toc163036649][bookmark: _Toc163052080][bookmark: _Toc163117876][bookmark: _Toc163140523][bookmark: _Toc163140588][bookmark: _Toc165879933][bookmark: _Toc165933642][bookmark: _Toc166074444][bookmark: _Toc166157360][bookmark: _Toc166157368][bookmark: _Toc166157440][bookmark: _Toc166158289][bookmark: _Toc166158348][bookmark: _Toc166158407]To consider the following trigger events to change the prioritization of transmission associated to specific buffered data: (1) maximum tolerable delay (measured as remaining time), (2) PDUs belonging to the same PDU Set, and (3) importance of data (e.g., data categorized as delay critical or belonging to high importance PDU Set). FFS whether to consider (4) multi-modal related information (dependent on RAN2 outcome of the multi-modal discussion).  
The following explain two options how prioritization of transmissions could be changed for specific buffered data (without discussing the possible trigger events just explained):
· Solution (1) Reflective QoS mechanism (network-controlled mechanism). Legacy reflective QoS mechanism could be re-used on top the new trigger events just explained to change its priority associated to the LCH. This solution would not require much specification work as it would rely on network action to change temporarily the priority of the DRB by sending a packet in that QoS flow via a different DRB in DL and that makes the UE to switch the traffic in UL to the same new DRB as the DL packet. The network decision could be based on information provided by the BSR, delay information in the DSR or other information internal to the network.
· Solution (2) UE autonomous temporary change of the logical channel priority (UE-controlled mechanism). Solutions could be discussed that allow a temporary change the priority associated to specific packet and potentially all other packets on the same logical channel that were earlier than this one on the queue, as shown in T1 and T2 behaviour of below Figure 2. For this, the aim should be to enable a mechanism that minimizes impacts to legacy LCH prioritization that still prevent starvation among the logical channels and provide a clean separation of data from the logical channels.
[image: ]
[bookmark: _Ref163036324]Figure 2. Example of UE’s autonomous and temporary change of LCH prioritization for transmission
Proposal 3. [bookmark: _Toc163036650][bookmark: _Toc163052081][bookmark: _Toc163117877][bookmark: _Toc162894942][bookmark: _Toc163036651][bookmark: _Toc163052082][bookmark: _Toc163117878][bookmark: _Toc163140524][bookmark: _Toc163140589][bookmark: _Toc165879934][bookmark: _Toc165933643][bookmark: _Toc166074445][bookmark: _Toc166157361][bookmark: _Toc166157369][bookmark: _Toc166157441][bookmark: _Toc166158290][bookmark: _Toc166158349][bookmark: _Toc166158408]To discuss how to change the priority for earlier transmission of specific packet (or associated logical channel) after a specific packet has already been associated with a specific logical channel. For this, to consider solution (1) to reuse reflective QoS mechanism or solution (2) to define a simple mechanism that allows a temporary change of its current priority.

DSR enhancements
Firstly it is useful to highlight few points from Rel-18 DSR operation before discussing how to enhance it.
(a) DSR is triggered when a remaining time of the running PDCP discardTimer is below certain threshold.
If an LCG is configured for delay status reporting, the MAC entity shall for each LCH within the LCG:
[bookmark: _Hlk165879832]1>	if the smallest remaining value of the running PDCP discardTimer among all the PDCP SDUs buffered for the LCH that have not been transmitted in any MAC PDU and have not been reported as data volume in a DSR MAC CE becomes below remainingTimeThreshold of the LCG; and
1>	if there is no DSR pending for the LCH:
2>	trigger a DSR for the LCH.
(b) PDCP discardTimer applies for case (b.1) any PDU (which can belong to any PSI level if it belongs to a PDU Set) when PSI-Discard is not configured/activated, or case (b.2) only to PDUs belonging to high importance PDU Sets when PSI-Discard is configured/activated.
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall: 
if discardTimerForLowImportance is configured and PSI based SDU discard is activated, and the PDCP SDU belongs to a low importance PDU Set: 
[bookmark: _Hlk165646350]start the discardTimerForLowImportance associated with this PDCP SDU; 
else: 
start the discardTimer associated with this PDCP SDU (if configured). 
On summary, when PDUs belonging to low importance PDU Sets and PSI-Discard is configured/activated case (b.3), those SDUs trigger the start of a different PDCP discard timer, i.e. discardTimerForLowImportance. This would never trigger DSR reporting. It may be unclear whether it is or not critical to report this information understanding that PSI based discard is only used by network when suffering congestion in which case low priority PDU Set are not considered as critical.
On other hand, when PSI based SDU discard is not activated [case (b.1)], network would not know if what triggered the DSR belong to high or low importance PDU Sets. This kind of information could be helpful for the network to better prioritize the scheduling of the UE’s buffered data that is close to expiry. 
[bookmark: _Toc165879930][bookmark: _Toc165933639][bookmark: _Toc166074441][bookmark: _Toc166157357][bookmark: _Toc166157365][bookmark: _Toc166157437][bookmark: _Toc166158286][bookmark: _Toc166158345]PDCP discardTimer is used to trigger DSR. I.e., DSR is not triggered by SDUs that use PDCP discardTimerForLowImportance instead than discardTimer.
[bookmark: _Toc165879931][bookmark: _Toc165933640][bookmark: _Toc166074442][bookmark: _Toc166157358][bookmark: _Toc166157366][bookmark: _Toc166157438][bookmark: _Toc166158287][bookmark: _Toc166158346][bookmark: _Hlk165878904]When PSI based SDU discard is not activated [case (b.1)], PDCP discardTimer is used for any SDUs (i.e. there is no different behaviour based on PSI level).  When discardTimerForLowImportance is configured and PSI based SDU discard is activated [case (b.2)], PDCP discardTimer can only be used for SDUs belonging to a high importance PDU Set.  When discardTimerForLowImportance is configured, PSI based SDU discard is activated and SDU belongs to a low importance PDU Set [case (b.3)], PDCP discardTimer is never used.
Proposal 4. [bookmark: _Toc165879935][bookmark: _Toc165933644][bookmark: _Toc166074446][bookmark: _Toc166157362][bookmark: _Toc166157370][bookmark: _Toc166157442][bookmark: _Toc166158291][bookmark: _Toc166158350][bookmark: _Toc166158409]DSR is enhanced to also include importance level of the PDU Set. This importance level of the PDU Set (i.e., high or low) is associated with the SDU with the smallest of the PDCP discardTimer that triggered DSR. 
Proposal 5. [bookmark: _Toc165879936][bookmark: _Toc165933645][bookmark: _Toc166074447][bookmark: _Toc166157363][bookmark: _Toc166157371][bookmark: _Toc166157443][bookmark: _Toc166158292][bookmark: _Toc166158351][bookmark: _Toc166158410]To discuss whether DSR is enhanced to include remaining time information of SDU belongs to a low importance PDU Set when discardTimerForLowImportance is configured and PSI based SDU discard is activated (which should only be configured under congestion scenarios).
DSR includes the smallest of the remaining times, as shown in above reference. For case (b.1), it might be important to understand whether any of the remaining times that is below the threshold belongs to a high importance PDU Set. 
Proposal 6. [bookmark: _Toc165879937][bookmark: _Toc165933646][bookmark: _Toc166074448][bookmark: _Toc166157364][bookmark: _Toc166157372][bookmark: _Toc166157444][bookmark: _Toc166158293][bookmark: _Toc166158352][bookmark: _Toc166158411]To discuss whether DSR is enhanced to indicate when a SDU belonging to a high importance PDU Set has its PDCP discardTimer associated to a SDU below the configured remainingTimeThreshold even when the value of this PDCP discardTimer is not the smallest among all the PDCP SDUs buffered for its LCH. 




1. Conclusion
The observations captured are the following:
Observation 1.	PDCP discardTimer is used to trigger DSR. I.e., DSR is not triggered by SDUs that use PDCP discardTimerForLowImportance instead than discardTimer.
Observation 2.	When PSI based SDU discard is not activated [case (b.1)], PDCP discardTimer is used for any SDUs (i.e. there is no different behaviour based on PSI level).  When discardTimerForLowImportance is configured and PSI based SDU discard is activated [case (b.2)], PDCP discardTimer can only be used for SDUs belonging to a high importance PDU Set.  When discardTimerForLowImportance is configured, PSI based SDU discard is activated and SDU belongs to a low importance PDU Set [case (b.3)], PDCP discardTimer is never used.
The proposals captured are the following:
Proposal 1.	Resource allocation can be changed/adapted for specific/critical packets that require a higher priority of transmission such that these packets can be transmitted before data of other logical channels.
Proposal 2.	To consider the following trigger events to change the prioritization of transmission associated to specific buffered data: (1) maximum tolerable delay (measured as remaining time), (2) PDUs belonging to the same PDU Set, and (3) importance of data (e.g., data categorized as delay critical or belonging to high importance PDU Set). FFS whether to consider (4) multi-modal related information (dependent on RAN2 outcome of the multi-modal discussion).
Proposal 3.	To discuss how to change the priority for earlier transmission of specific packet (or associated logical channel) after a specific packet has already been associated with a specific logical channel. For this, to consider solution (1) to reuse reflective QoS mechanism or solution (2) to define a simple mechanism that allows a temporary change of its current priority.
Proposal 4.	DSR is enhanced to also include importance level of the PDU Set. This importance level of the PDU Set (i.e., high or low) is associated with the SDU with the smallest of the PDCP discardTimer that triggered DSR.
Proposal 5.	To discuss whether DSR is enhanced to include remaining time information of SDU belongs to a low importance PDU Set when discardTimerForLowImportance is configured and PSI based SDU discard is activated (which should only be configured under congestion scenarios).
Proposal 6.	To discuss whether DSR is enhanced to indicate when a SDU belonging to a high importance PDU Set has its PDCP discardTimer associated to a SDU below the configured remainingTimeThreshold even when the value of this PDCP discardTimer is not the smallest among all the PDCP SDUs buffered for its LCH.
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