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5.33.X.3	GTP-U Path Monitoring
SMF can request to activate QoS Monitoring for all UPFs and (R)AN based on policies. The SMF sends the QoS monitoring policy to each UPF and (R)AN via N4 interface and via N2 interface respectively. 
A GTP-U sender performs an estimatation of RTT to a GTP-U receiver on a GTP-U path by sending Echo messages and measuring time that elapses between the transmission of Request message and the reception of Response message.  A GTP-U sender computes an estimated accumulated packet delay by adding RTT/2, the processing time and, if available, an estimated accumulated packet delay from an upstream GTP-U sender (i.e. an immediately preceding GTP-U sender in user plane path) thus the estimated accumulated delay represents an estimated elapsed time since a user plane packet entered 3GPP domain.
It is expected that a GTP-U sender estimates RTT periodically in order to detect changes in transport delays.QoS monitoring is performed by a GTP-U end-point (UP function) that receive and store QoS including a packet delay budget parameter for QoS flow by comparing a received accumulated packet delay with the stored QoS parameter possibly also taking into the account the estimated/measured delay of GTP-U path to next GTP-U end-point processing time. If the GTP-U end-point determines that the packet delay exceeds the requested packet delay budget then the node triggers QoS monitoring alert signalling to a control plane network function, e.g. SMF or to an OA&M function.
NOTE: 	Echo Request message and Echo Response message are sent outside GTP-U tunnels (the messages are using TEID set to 0). If underlying transport is using QoS differentiation (e.g. IP DiffServ) then it is up to the implementation to ensure that the Echo messages are classified correctly and receive similar treatment by the underlaying transport as GTP-U GTP-PDUs carrying QoS flows (user data).
QoS Monitoring can be used to benchmark transport paths and map the QoS Flows to appropriate network instance, DSCP values as follows:
-  	Packet delay estimation is performed by using GTP-U Echo Request/Response as defined in the 3GPP TS 28.552 [xx], in the corresponding user plane transport path(s), independent of the corresponding PDU Session and the 5QI for a given QoS flow, for a specific URLLC service.
-	RAN measures UL/DL packet delay within RAN (e.g. including delays of F1-U, Xn-U, Uu interfaces for NR) and calculates UL packet delay of N3 interface. RAN provides the UL packet delay comprising the packet delays of RAN and N3 interface to UPF.
-	The UPF calculates the UL/DL packet delay of N3/N9 interface.
-	UPF and RAN reports QoS Monitoring result to the SMF based on some specific conditions, e.g. first time, periodic, event triggered, when thresholds for reporting to SMF are reached.
- 	UPF does benchmarking of network hop delay per transport resources that it will use towards a peer network node identified by an IP destination address (the hop between these two nodes) and port. The network hop estimated delay is computed by sending an Echo Request over such transport resource (Ti) and measuring RTT/2 when Echo Response is received.
- 	UPF maps {network instance, DSCP} into Transport Resource and estimates delay per IP destination address and port. Thus, for each IP destination address, the estimated delay per (network instance, DSCP) entry is determined.  
-	The UPF performing the monitoring estimation can provide the corresponding {Network instance, DSCP} along with the estimated packet delay for the corresponding transport path to the SMF. 
-	Based on this, SMF can determine QoS Flow mapping to the appropriate {Network instance, DSCP} considering {5QI, QoS characteristics, ARP} for the given QoS flow.


