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Abstract of the contribution: This paper proposes a solution for KI#1
Discussion
PDUs that comprise a video frame are typically quite large (e.g. 1500 bytes), and many of them are required to transport a frame. A DL PDU Set may include one or more of the following DL PDUs:
1. DL PDU(s) that have been transmitted to the UE
2. DL PDU(s) buffered in the gNB and awaiting for transmission to the UE. 
3. DL PDU(s) buffered in the UPF and awaiting for transmission to the gNB. 
4. DL PDU(s) buffered in the Application Server and awaiting for transmission to the UPF.

When PSIHI is set for a QoS flow and a PDU of a PDU Set is discarded in the gNB, there is no need to continue to  buffer/transmit the remaining PDUs of the same PDU Set. The gNB can discard the buffered DL PDUs associated with the same PDU Set. However, there may be some PDUs of the same PDU Set buffered and not transmitted to the gNB yet, e.g. the PDUs buffered in the UPF and AS (items 3 and 4 above). To continue transmission of these PDUs to the gNB wastes transport network resources and gNB and UPF buffer resources. Also, in the case of UE HO to a target gNB, the target gNB may unnecessarily transmit the PDUs to the UE, since the target gNB does not know that the remaining PDU(s) of the PDU Set can be discarded. 
In this solution, the gNB may send a discard notification to the UPF indicating that the gNB no longer needs the remaining PDUs of a PDU Set. The discard notification is sent directly from the RAN to the UPF via the user plane (i.e. via an UL GTP PDU on N3). Upon receiving the discard notification, the UPF discards the buffered PDU(s) related to the affected PDU Set. If the last PDU of the PDU Set has not been received by the UPF, the UPF saves the information in the discard notification and uses it to discard any further PDUs related to the affected PDU Set that subsequently arrive from the AS.
Proposal
A solution is proposed for KI#1  for incorporation in the XRM Ph2 TR23.700-70.
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[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc148498832]6.X	Solution #X: PDU Set Discard Management
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148498833]6.X.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses Key Issue #1.
[bookmark: _Toc148498834]6.X.2	Description
[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687]PDUs that comprise a video frame are typically quite large (e.g. 1500 bytes), and many of them are required to transport a frame. A DL PDU Set may include one or more of the following DL PDUs:
1. DL PDU(s) that have been transmitted to the UE
2. DL PDU(s) buffered in the gNB and awaiting for transmission to the UE. 
3. DL PDU(s) buffered in the UPF and awaiting for transmission to the gNB. 
4. DL PDU(s) buffered in the Application Server and awaiting for transmission to the UPF.

When PSIHI is set for a QoS flow and a PDU of a PDU Set is discarded in the gNB, there is no need to continue to  buffer/transmit the remaining PDUs of the same PDU Set. The gNB can discard the buffered DL PDUs associated with the same PDU Set. However, there may be some PDUs of the same PDU Set buffered and not transmitted to the gNB yet, e.g. the PDUs buffered in the UPF and AS (items 3 and 4 above). To continue transmission of these PDUs to the gNB wastes transport network resources and gNB and UPF buffer resources. Also, in the case of UE HO to a target gNB, the target gNB may unnecessarily transmit the PDUs to the UE, since the target gNB does not know that the remaining PDU(s) of the PDU Set can be discarded. 
In this solution, the gNB may send a discard notification to the UPF indicating that the gNB no longer needs the remaining PDUs of the corresponding PDU Set. The discard notification is sent directly from the RAN to the UPF via the user plane (i.e. via an UL GTP PDU on N3). Upon receiving the discard notification, the UPF discards the buffered PDU(s) related to the affected PDU Set. If the last PDU of the PDU Set has not been received by the UPF, the UPF saves the information in the discard notification and uses it to discard any further PDUs related to the affected PDU Set that subsequently arrive from the AS.
The PCF controls the activation/deactivation of the sending of discard notifications by including discard notification activation information in the PCC rule sent to the SMF. The SMF then sends a activate/deactivate indication to the UPF and discard notification activation information to the RAN. The decision by the PCF to activate sending of the indication may, for example, be based on the following: 
· The expected PDU Set sizes or the expected number of PDUs in a PDU Set.
· The PSIHI setting, or other (Rel. 19) parameter setting indicating the proportion of PDUs of a PDU Set that must be successfully received by an application for the PDU Set to be successfully decoded.
· UPF capabilities and load status.
The discard notification activation information may include a threshold, e.g. for the number of PDUs in the PDU Set or the number of bytes in a PDU Set that are not yet received by the RAN and which are to be discarded. When the threshold is exceeded, the gNB may send the discard notification to the UPF.
When the gNB detects that one or more PDU belonging to a PDU Set is lost or discarded, and the last PDU of the PDU Set has not been received from the UPF, the gNB may send the discard notification to the UPF. If the discard notification activation information includes a threshold, the gNB sends the discard notification to the UPF when the number of PDU Set PDUs not received by the RAN is above a threshold or the cumulative size of the remaining PDU Set PDUs not received by the RAN is above a threshold.
The discard notification is sent to the UPF via a GTP-U header extension. If there is no UL packet when a discard notification needs to be sent, the RAN may generate an UL Dummy GTP-U Packet to send the discard notification. The discard notification includes information to identify the affected PDU Set, e.g. a QoS flow ID to identify the affected QoS flow, and a PDU Set SN to identify the affected PDU Set.
[bookmark: _Toc148498835]6.X.3	Procedures
Figure 6.x.3-1 shows a procedure summarizing the solution. 


Figure 6.x.3-1: Procedure for PDU Set Discard Management
1. [bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]The AF sends a request for QoS that includes PDU Set handling.
2. The PCF determines a PCC rule with “Discard Notification Activation” information.
3. The PCF sends the PCC rule to the SMF.
4. The SMF sends a Discard Notification Activation parameter to the UPF to enable/disable discard at the UPF based on notifications sent by the RAN.
5. The SMF sends Discard Notification Activation information to the RAN. The information may contain a threshold that determines when a Discard Notification is sent to the UPF.
6. DL PDUs are received at UPF. The UPF determines the PDUs belongs to a PDU Set and provides PDU Set information in the GTP-U header of the PDUs sent to the RAN.
7. The RAN determines it cannot successfully deliver a PDU Set (e.g. because one or more PDUs of a PDU Set has been dropped).
8. The RAN determines that the criteria for sending a Discard Notification to the UPF is met and sends the notification identifying the PDU Set to be discarded.
9. The UPF discards the buffered PDUs that belong to the PDU Set. 
10. The UPF discards additional PDUs that belong to the PDU Set, if received from the AS.
[bookmark: _Toc148498836]6.X.4	Impacts on services, entities and interfaces
-	AF – No Impact.
-	PCF – includes in the PCC rule the Discard Notification Activation Information.
-	SMF – activates/deactivates discard notification in the RAN and UPF. 
-	RAN – sends discard notification when criteria are met.
-	UPF – discards PDUs of a PDU set according to discard notifications received from the RAN.
-	UE – No Impact.
*** END of changes ***
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