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Abstract of the contribution: This paper discusses issues of local decision when handling delayed packets of delay critical GBR QoS flows. It is proposed to enhance the handling of delayed packets of delay critical GBR QoS flows in Release 16.
Discussion
In TS 23.501, clause 5.7.3.4 Packet Delay Budget
“The PDB for Non-GBR and GBR resource types denotes a "soft upper bound" in the sense that an "expired" packet, e.g. a link layer SDU that has exceeded the PDB, does not need to be discarded and is not added to the PER. However, for a Delay critical GBR resource type, packets delayed more than the PDB are added to the PER and can be discarded or delivered depending on local decision.”
The “local decision” means that the UPF, (R)AN or UE may either discard or deliver delayed packets in the downlink or uplink by vendor proprietary designs and operational algorithms. However, the UPF, (R)AN and UE may not have knowledge of the application logic to make correct decisions. Different URLLC applications can have different application logic. For example, in some real-time URLLC video applications, e.g. remote driving, augmented virtual reality, live video conferencing, late video packets are not used by video decoder; thus the late video packets should be definitely dropped. On the other hand, in some other real-time URLLC video applications like video and image analysis and object detection, the late packets are still required so that the video or images can be precisely analysed. In several industrial IoT applications, the delayed packets need to be sent since the application layer may tolerate the delayed packets for a certain survivor time as described in TS 22.261.
In case of multi-vendor PLMN scenario, each vendor may have different “local decision” to deal with delayed packets. In vendor A’s products, the late packets of URLLC QoS flows may be dropped, while in vendor B’s products, the late packets of URLLC flows are delivered. This inconsistent behaviour of a PLMN should be avoided to make sure that the application layer can work properly. 
In another example, even in one RAN node, the “local decision” to deliver or drop late packets could change from time to time, depending on the traffic load in this RAN node. This inconsistent and incorrect handling of late packets in the same RAN node may cause negative impacts to the performance of application layer.
It is assumed that the applications in the UE and Application Server can operate even with delayed or lost packets. However, if the delayed packets are no longer useable in the UE or AS, the UE, RAN should be informed to drop delayed packets to save radio and core network resources.
Proposal
It is proposed to take the application logic into consideration when the user plane entities, like UE, RAN, and UPF, handle the delayed packets of delay critical QoS flows. A correct handling of delayed packets of URLLC applications can help to improve application-level QoS performance, save radio resources, and avoid unwanted errors in the application layer.
If the 5GS knows that delayed packets should be dropped, the user plane entities, especially RAN nodes, should drop the delay packets to save the radio resources. The OAM or AF may provide instruction to the PCF how to handle delayed packets of certain URLLC applications. The PCF and SMF may configure UE, RAN, and UPF to drop delayed packets.
Since most of packet delay events happen in the uplink or downlink radio interface, it is proposed to consider a new QoS parameter for instructing the RAN node to drop delayed packets in Rel. 16. The UE may not be capable of monitoring packet delay, so further work on the UE may be considered later.
[bookmark: _GoBack]One possible solution is provided as follows. When the URLLC application is authorized, the PCF may use the information provided by OAM or AF to determine whether to add an instruction in the PCC rule to drop delayed packets. If the SMF receives the instruction in the PCC rule to drop delayed packets, the SMF includes this instruction in the QoS Profile of the corresponding QoS Flow to instruct the RAN to drop delayed packets. Accompanied CRs S2-1903476 and S2-1903477 are proposed to update TS 23.501 and TS 23.503 according to the discussed solution.
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