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1. Introduction
[bookmark: Proposal_Pattern_Length]This document continues discussion on how to enhance RLC (re-)transmission, i.e., (re-)tx, considering latest RAN2#125bis agreements aiming for a timely operation and minimize unnecessary re-tx:
· We focus on RLC AM
· RAN2 will analyse solutions to ensure timely RLC retransmission(s) for XR
· RAN2 will analyse how to avoid unnecessary retransmissions (e.g. to avoid reTx of out-dated packets)
1. Discussion
RLC sublayer does not taken into consideration the remaining Packet Delay Budget (PDB) associated to a packet For example, current RLC (re)transmission procedure does not consider the packet delay budget associated with its corresponding packet and whether the (re)transmissions may be useful or not at the receiver. Figure 1 below shows how PDU 2 is retransmitted by the TX entity even though the remaining PDB is low (which may end up in a discard at the RX even if it is received successfully). In summary, current RLC operation may lead to inefficiencies in retransmission decisions and may also result in a wastage of network resources, especially for time-sensitive traffic such as XR applications. 
[image: A diagram of a computer

Description automatically generated]
Figure 1. Issue with RLC (re)transmissions without awareness of the associated PDB

[bookmark: _Toc163118514][bookmark: _Toc163118756][bookmark: _Toc163140883][bookmark: _Toc163141028][bookmark: _Toc163142189][bookmark: _Toc165885847][bookmark: _Toc165886205][bookmark: _Toc166075803][bookmark: _Toc166157654][bookmark: _Toc166158027][bookmark: _Toc166158435]RLC AM mechanism does not take into account the remaining packet delay budget of the data traffic when performing (re)transmissions. If this new information were considered, RLC operation could be enhanced to ensure a timely RLC (re-)transmissions and avoid unnecessary (re-)transmissions.
Proposal 1. [bookmark: _Toc163118762][bookmark: _Toc163118807][bookmark: _Toc163118874][bookmark: _Toc163119020][bookmark: _Toc163140885][bookmark: _Toc163141025][bookmark: _Toc163142187][bookmark: _Toc165885849][bookmark: _Toc165886207][bookmark: _Toc166075795][bookmark: _Toc166157656][bookmark: _Toc166158029][bookmark: _Toc166158437]RLC AM (re)transmission mechanism is enhanced considering the remaining delay budget associated to each packet.

[bookmark: _Ref165883559]Timely RLC re-transmission(s)
RLC could also enhance its operation when using the remaining delay budget of a packet (e.g. when the remaining PDB exceeds certain threshold by proactively performing re-transmission(s). I.e., if the UE has not yet received a NACK for a given unacknowledged packet (to trigger retransmission), the UE can autonomously decide to perform a (proactive) retransmission. Figure 2 depicts an example where one PDU is proactively retransmitted when its remaining delay is below a threshold (here referred as threhlow). 
[image: ]
[bookmark: _Ref165883879]Figure 2. Example scenario of proactive RLC re-transmission 
This operation could help avoiding or alleviating the occurrence of the scenario explained in previous §2.1 (e.g., when the status report and the triggered retransmission is too late). It is also possible that the retransmission is not actually needed but even if it is the case, this should not be a major issue as the receiving entity can already detect if a received packet is a duplicate or not. I.e., there is no special handling required at the receiver (i.e., the RX entity can simply discard the duplicated PDU). 
To enable this proactive RLC re-tx operation, Tx side would need to keep track of the remaining delay budget associated to each packet at the RLC. PDCP layers currently performs a similar operation via the PDCP discardTimer or discardTimerForLowImportance.
· discardTimer. This timer is configured only for DRBs. The duration of the timer is configured by upper layers TS 38.331. In the transmitter, a new timer is started upon reception of an SDU from upper layer. 
· discardTimerForLowImportance. This timer is configured only for DRBs. The duration of the timer is configured by upper layers TS 38.331. In the transmitter, a new timer is started upon reception of an SDU belonging to a low importance PDU Set from upper layer.
One option is to reuse these PDCP discard timers to inform RLC when the remaining delay budget associated to each packet is below a configurable threshold. Another option is to create a new timer at the RLC Tx side specific for the handling of RLC (re)transmission (or in the case of next enhancement skipping). This new RLC based timer has the advantage that it is specific for each RLC SDU/PDU and might be easier to specify the relation between an RLC-specific timer and the handling of the corresponding RLC SDU/PDUs. On the other hand, RAN2 usually avoid defining similar mechanisms across different layers unless it is strictly necessary if a technical concern or large complexity is found. Therefore, we suggest considering as baseline (initial assumption) to reuse legacy PDCP discard based timer(s) first.
Proposal 2. [bookmark: _Toc166075796][bookmark: _Ref165884997][bookmark: _Toc165885850][bookmark: _Toc165886208][bookmark: _Toc166075797][bookmark: _Toc166157657][bookmark: _Toc166158030][bookmark: _Toc166158438]Proactive RLC AM re-transmission is performed when the remaining delay budget associated to each packet is below a configurable threshold (referred for the discussion as T1). 
Proposal 2.1. [bookmark: _Toc165885851][bookmark: _Toc165886209][bookmark: _Toc166157658][bookmark: _Toc166158031][bookmark: _Toc166075798][bookmark: _Toc166158439]If Proposal 2 is agreed (i.e., to trigger proactive RLC AM re-tx), to re-use PDCP discard timer (i.e., discardTimer and discardTimerForLowImportance) to inform RLC when PDCP discard timer is below T1 for specific SDU.

Avoid unnecesary RLC re-transmission(s)
RLC could enhance its operation when using the remaining delay budget of a packet (e.g. when the remaining PDB exceeds certain threshold or its corresponding timer expires) by skipping the (re)transmission associated to that specific packet, i.e. by discarding it. Figure 3 depicts an example where selective skipping of RLC retransmission is performed, i.e., when the remaining delay budget associated to each packet (referred as t-pdb) is below a configurable threshold (referred as threshhigh).
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[bookmark: _Ref165881982]Figure 3. Example scenario of selective skipping of RLC (re)transmission
Summarizing, selective skipping of RLC (re)transmission considering the remaining delay time seems helpful and feasible to avoid unnecessary (re)transmission of packets over the air (which are discarded in the Tx side). In addition, this new skipping operation may generate SN gaps at the RX side with no recovery mechanism in RLC layer, since the RX entity is still expecting reception of the packets which may have been dropped by the TX entity. For this, RAN2 could discuss whether Rel-18 PDCP SN gap reporting is sufficient, or additional enhancements are needed. We suggest postponing this discussion as Rel-18 CRs are still being concluded on how to define the PDCP SN gap reporting (targeting to be agreed in this RAN2#126 meeting).
[bookmark: _Toc165885848][bookmark: _Toc165886206][bookmark: _Toc166075804][bookmark: _Toc166157655][bookmark: _Toc166158028][bookmark: _Toc166158436]When performing selective skipping of RLC AM (re)transmission, RLC SN gaps may appear which may be solved reusing or, if required, enhancing further Rel-18 PDCP SN gap reporting functionality. This discussion can happen after RAN2 concludes the specification of this Rel-18 functionality.
[bookmark: _Toc463058201][bookmark: _Toc463058245][bookmark: _Toc463058202][bookmark: _Toc463058246][bookmark: _Toc463058203][bookmark: _Toc463058247][bookmark: _Toc465992504][bookmark: _Toc465993063][bookmark: _Toc465993086]To enabling this skipping operation, Tx side would need to keep track of the remaining delay budget associated to each packet at the RLC. This could be done following the same approach as it preferable for previous enhancement, i.e. by reusing PDCP discard timers unless technical concerns/complexity is identified.
Proposal 3. [bookmark: _Toc477888239][bookmark: _Toc478114424][bookmark: _Toc478139321][bookmark: _Toc478164249][bookmark: _Toc478166236][bookmark: _Toc478166327][bookmark: _Toc478166375][bookmark: _Toc528244348][bookmark: _Toc528244363][bookmark: _Toc22282238][bookmark: _Toc22282245][bookmark: _Toc22282357][bookmark: _Toc46740192][bookmark: _Toc46740246][bookmark: _Toc46740404][bookmark: _Toc46740417][bookmark: _Toc109242484][bookmark: _Toc109242517][bookmark: _Toc109242568][bookmark: _Toc148975998][bookmark: _Ref165884923][bookmark: _Toc165885852][bookmark: _Toc165886210][bookmark: _Toc166075799][bookmark: _Toc166157659][bookmark: _Toc166158032][bookmark: _Toc166158440]Selective skipping of RLC AM (re)transmission is performed when the remaining delay budget associated to each packet is below a configurable threshold (referred for the discussion as T2). 
Proposal 3.1. [bookmark: _Toc165885853][bookmark: _Toc165886211][bookmark: _Toc166075800][bookmark: _Toc166157660][bookmark: _Toc166158033][bookmark: _Toc166158441]If Proposal 3 is agreed (i.e. to trigger skipping of RLC AM re-(tx)), to re-use PDCP discard timer (i.e., discardTimer and discardTimerForLowImportance) to inform RLC when PDCP discard timer is below T2 for specific SDU. 

Joint enhancement efforts at RLC
Either of the enhancements just discussed could be used individually or together as Figure 4 depicts. This Figure 4 explains how over time different regimes/operations for RLC (re)transmission may be more suitable based on the remaining delay/PDB of the associated packet: 
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[bookmark: _Ref165885241]Figure 4.  Usage of different RLC AM (re)transmission regimes based on remaining delay budget of a packet
Summarizing, we suggest considering mechanism possible enhancements to RLC AM (re)transmission as complementary targeting different goals.
Proposal 4. [bookmark: _Toc163118875][bookmark: _Toc163119021][bookmark: _Toc163140886][bookmark: _Toc163141026][bookmark: _Toc163142188][bookmark: _Toc165885854][bookmark: _Toc165886212][bookmark: _Toc166075801][bookmark: _Toc166157661][bookmark: _Toc166158034][bookmark: _Toc166158442]Network can configure different threshold when enabling the usage of proactive RLC retransmission (when remaining delay time associated with a packet is below T1 but above T2) and the usage of selective skipping of RLC (re)transmission (when remaining delay time associated with a packet is below T2). 
Proposal 4.1. [bookmark: _Toc165885855][bookmark: _Toc165886213][bookmark: _Toc166075802][bookmark: _Toc166157662][bookmark: _Toc166158035][bookmark: _Toc166158443]FFS whether T2 is or not the same as legacy value of the PDCP discard timer (including both discardTimer and discardTimerForLowImportance).








1. Conclusion
The observations captured are the following:
Observation 1.	RLC AM mechanism does not take into account the remaining packet delay budget of the data traffic when performing (re)transmissions. If this new information were considered, RLC operation could be enhanced to ensure a timely RLC (re-)transmissions and avoid unnecessary (re-)transmissions.
Observation 2.	When performing selective skipping of RLC AM (re)transmission, RLC SN gaps may appear which may be solved reusing or, if required, enhancing further Rel-18 PDCP SN gap reporting functionality. This discussion can happen after RAN2 concludes the specification of this Rel-18 functionality.
The proposals captured are the following:
Proposal 1.	RLC AM (re)transmission mechanism is enhanced considering the remaining delay budget associated to each packet.
Proposal 2.	Proactive RLC AM re-transmission is performed when the remaining delay budget associated to each packet is below a configurable threshold (referred for the discussion as T1).
Proposal 2.1.	If Proposal 2 is agreed (i.e., to trigger proactive RLC AM re-tx), to re-use PDCP discard timer (i.e., discardTimer and discardTimerForLowImportance) to inform RLC when PDCP discard timer is below T1 for specific SDU.
Proposal 3.	Selective skipping of RLC AM (re)transmission is performed when the remaining delay budget associated to each packet is below a configurable threshold (referred for the discussion as T2).
Proposal 3.1.	If Proposal 3 is agreed (i.e. to trigger skipping of RLC AM re-(tx)), to re-use PDCP discard timer (i.e., discardTimer and discardTimerForLowImportance) to inform RLC when PDCP discard timer is below T2 for specific SDU.
Proposal 4.	Network can configure different threshold when enabling the usage of proactive RLC retransmission (when remaining delay time associated with a packet is below T1 but above T2) and the usage of selective skipping of RLC (re)transmission (when remaining delay time associated with a packet is below T2).
Proposal 4.1.	FFS whether T2 is or not the same as legacy value of the PDCP discard timer (including both discardTimer and discardTimerForLowImportance).
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