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1. Introduction and Discussion
For URLLC QoS Monitoring, Per QoS Flow per UE QoS Monitoring is defined in 3GPP TS 23.501 and rely on the support in GTP-U protocol. Per QoS Flow per UE QoS Monitoring includes two aspects, the NG-RAN and the PSA UPF are time synchronised or not time synchroinsed.
For both scenarios, the NG-RAN would detect the uplink packet delay and downlink packet delay in Uu interface and sends to the PSA UPF via the uplink userplane packet.
Detection of the one way packet delay is supported if the NG-RAN and the PSA UPF are time synchronized. Time stamp of sending service packet shall be included in the GTP-U header by NG-RAN for sending the uplink service packet or by the PSA UPF for sending the downlink service packet. The packet receiver can calculate the one way packet delay according to the time stamp it receives the service packet and the time stamp included the GTP-U header of the service packet.
Detection of the round trip packet delay is also supported if the NG-RAN and the PSA UPF are time synchronized. NG-RAN calculates the one way downlink packet delay based on the time stamp it receives the downlink service packet and the time stamp included the GTP-U header of the downlink service packet. The NG-RAN sends the uplink service packet to the PSA UPF including the one way downlink packet delay and the time stamp of sending uplink service packet.


Figure 1. NG-RAN and the PSA UPF are time synchronized
In order to support Per QoS Flow per UE QoS Monitoring when the NG-RAN and the PSA UPF are time synchronised, the GTP-U header shall be extended to include:
· Tdl-send: time stamp of the PSA UPF when sending the downlink service packet;
· Tul-send: time stamp of the NG-RAN when sending the uplink service packet;
· Ddl: one way downlink delay between PSA UPF and NG-RAN;
· Duu-ul: one way uplink delay between UE and NG-RAN;
· Duu-dl: one way downlink delay between UE and NG-RAN.

For one way downlink packet delay between NG-RAN and PSA UPF detecting:
· Tdl-send, included by the PSA UPF in the downlink packet;
· Ddl, calculates by the NG-RAN and included in the uplink packet, it is the one way downlink packet delay between NG-RAN and PSA UPF.
For one way uplink packet delay between NG-RAN and PSA UPF detecting:
· Tul-send, included by the NG-RAN in the uplink packet;
· Dul, calculates by the PSA UPF, it is the one way uplink packet delay between NG-RAN and PSA UPF.
For one way downlink packet delay between UE and PSA UPF detecting:
· Tdl-send, included by the PSA UPF in the downlink packet;
· Duu-dl, included by the NG-RAN in the uplink packet;
· Ddl, calculates by the NG-RAN and included in the uplink packet;
One way downlink packet delay between UE and PSA UPF will be Ddl + Duu-dl.
For one way uplink packet delay between UE and PSA UPF detecting:
· Tul-send, included by the NG-RAN in the uplink packet;
· Duu-ul, included by the NG-RAN in the uplink packet;
One way uplink packet delay between UE and PSA UPF will be Dul + Duu-ul, Dul is calculated by the PSA UPF.
For round trip packer delay between UE and PSA UPF detecting:
· Tdl-send, included by the PSA UPF in the downlink packet;
· Ddl, calculates by the NG-RAN and included in the uplink packet;
· Duu-dl, included by the NG-RAN in the uplink packet;
· Duu-ul, included by the NG-RAN in the uplink packet;
· Tul-send, included by the NG-RAN in the uplink packet;
Round trip packet delay between UE and PSA UPF will be Ddl + Duu-dl + Duu-ul + Dul, Dul is calculated by the PSA UPF.
Detection of the round trip packet delay is supported if the NG-RAN and the PSA UPF are not time synchronized. The one way uplink packet delay and the one way downlink packet delay between the NG-RAN and the PSA UPF is assumed the same as half of the round trip packet delay. PSA UPF remembers the local time of sending the downlink service packet to the NG-RAN, local time that the NG-RAN receiving the downlink service packet and the NG-RAN sending the uplink service packet shall be included in the GTP-U header of the uplink service packet.


Figure 2. NG-RAN and the PSA UPF are not time synchronized
In order to support Per QoS Flow per UE QoS Monitoring when the NG-RAN and the PSA UPF are not time synchronised, the GTP-U header shall be extended to include:
· Tdl-receive: local time of the NG-RAN when receiving the downlink service packet;
· Tul-send: local time of the NG-RAN when sending the uplink service packet;
· Duu-ul: one way uplink delay between UE and NG-RAN;
· Duu-dl: one way downlink delay between UE and NG-RAN.
Round trip packet delay between UE and PSA UPF will be RTT = (Tdl-receive - Tdl-send) + (Tul-receive - Tul-send) +Duu-dl + Duu-ul.
One way downlink or uplink packet delay between UE and PSA UPF will be RTT/2.
In addition, the downlink service packet and the uplink service packet shall have the same sequence number, in order to match the related uplink service packet in the PSA UPF, and calculate the delay. And the NG-RAN shall also be indicated whether the received service packets is used for QoS Monitoring or not by the QoS Monitoring Indicator.
In order to support above requirements in GTP-U, there are two available solutions:
Solution 1: Define new GTP-U extension header type.
Solution 2: Extend existing GTP-U extension header, e.g. PDU Session Container.
As the QoS monitoring information need to be carried in GTP-U header are transmitted between the PSA UPF and the NG-RAN for the granularity of QoS Flow, the QFI shall be transmitted within the QoS monitoring service packet. Solution 2 extends the existing GTP-U extension header (the QoS Monitoring information and the QFI are included in the same PDU Session Container extension header) will be more transfer efficiency than solution 1 includes those information in different GTP-U extension headers. And also there is no strong demand for defining new GTP-U extension header for QoS monitoring.
[bookmark: _GoBack]2. Proposal
It is proposed to reuse the existing PDU Session Container extension header to support the QoS monitoring information required by the Per QoS Flow per UE QoS Monitoring solution.
As the detailed PDU Session Container extension header is defined in RAN3 group, a LS in recommended to be sent to RAN3 for requesting update of the related specification. TS 29.281 can be updated if the work in RAN is completed.

* * * * End of Change * * * *
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