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1 Introduction 
This document proposes methods for end-to-end packet delay measurement in NR MDT. Delay measurements can be used for the purposes of QoS monitoring of delay-sensitive applications such as URLLC and MMTel. 
Recent meetings in RAN2 (RAN2 #105bis) and SA2 (SA2 #132) have discussed on this topic and a summary of the discussions and conclusions are available in [1], [2], [3]. In this document, we refer to some of the agreements and conclusions in [1], [2], [3], as a basis for the way forward towards the overall end-to-end solution.                
2 [bookmark: _Ref535308766][bookmark: _Ref535492080]Uu packet delay measurement method     
The RAN UL/DL packet delay is a component of the end-to-end UL/DL packet delay between the UE and the UPF. 
The following agreements were reached in RAN2 [1].
Observation 1. UL end-to-end packet delay and DL end-to-end packet delay measurements should be performed separately.
Observation 2. The RAN part of the UL/DL packet delay measurement should be defined by RAN2 and the network (CN) part should be left to RAN3 and SA2.    
Observation 3. The UL and DL packet delay measurements performed by UE and gNB, respectively, should be at DRB level. It is up to network implementation to map the DRB level UL and DL packet delay measurements reported by RAN to those on per QoS flow/5QI level.
UL delay measurement   



Figure 1 RAN part of UL delay
Observation 4. The following control plane solution for UL delay measurement was accepted in RAN2 [3]:
· UE measures PDCP queuing delay D1 and reports the statistics of D1;
· gNB measures the rest of the delay D2 and derives UL delay as the sum, D1+D2.
DL delay measurement
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Figure 2 RAN part of DL delay
Observation 5. The following solution for DL delay measurement was accepted in RAN2 [3]:
· gNB measures the average DL delay;
· For delay measurements, the reference point for arriving packets at the gNB is PDCP upper SAP, and for successfully received packets at the UE, the reference point is the MAC lower SAP. 
In split gNBs, FI-U interface UL/DL packet delay measurements need to be performed because these are a component of the end-to-end delays.
The following was agreed in RAN3 #103bis meeting [9] on this topic:
Observation 6. 3GPP TS 28.522 already contains feasible measurements of average F1-U UL/DL delays.
3 N3 packet delay measurement method
In recent SA2 meeting (SA2 #132), the following are the conclusions with regard to packet delay measurements over N3 for URLLC QoS monitoring [2].
1. For QoS monitoring performed on a per QoS Flow level:
a. Using some of the actual service packets for QoS Monitoring between the PSA UPF and RAN node.
b. The PSA UPF calculates the UL/DL packet delay of N3 interface based on the time stamps provided by RAN node via N3 interface. If all user plane nodes of 5G system are time synchronized, the UL/DL packet delay of N3 interface could be calculated by PSA UPF and RAN respectively based on the received time stamp and the local time stamp when receiving the measurement packets.
2. For QoS monitoring performed on a per node level:
a. Packet delay estimation is performed by using GTP-U Echo Request/Response, or GTP packet delivery status message 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.
b. The PSA UPF calculates the UL/DL packet delay of N3 interface based on the time stamps provided by RAN node via N3 interface.
The following observations summarize the methods for N3 packet delay measurements.  
Observation 7. For QoS monitoring on a per QoS flow level, delay measurements can be performed by adding timestamps to the GTP-U header of user plane packets of a QoS Flow by the transmitting node. 
The receiving node can calculate packet delays by noting the time at which a packet is received. The DL CN packet delay is calculated by the gNB and the UL CN packet delay is calculated by the UPF.  
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Observation 8. For QoS monitoring on a per node level, UL/DL packet delay measurements can be performed based on GTP-U Echo Request/Echo Response messages in the corresponding user plane path, independent of the corresponding PDU session and the 5QI for a given QoS Flow.
In this option, the UL/DL end-to-end delays between the UE and UPF can be determined by the UPF on a per node level only. After RAN reports to the UPF per QoS Flow/5QI level Uu DL/UL delays, UPF has to do further processing to aggregate these measurements and then add to the UL/DL CN delays calculated by this option.
4 Delay measurement configuration and reporting
In recent SA2 meeting (SA2 #132), the conclusions reached on URLLC QoS monitoring related to delay measurement configuration and reporting are as follows [2]. These form the basis of our discussion on delay measurement reporting and configuration. 
1. For QoS monitoring performed on a per QoS Flow level:
a. The SMF sends the QoS Monitoring policy for the QoS Flow to the PSA UPF and RAN via the PDU Session Establishment or Modification procedure. The PSA UPF initiates DL packet delay measurement between RAN node and PSA UPF for the QoS Flow and RAN node initiates the packet delay measurement of UL/DL packet delay on Uu interface, based on the QoS Monitoring policy received from the SMF.
b. RAN node provides the UL/DL packet delay measurement result of Uu interface to the PSA UPF via the N3 interface. The RAN node may send a dummy UL packet as the monitoring response packet to the UPF in case there is no UL service packet.
2. For QoS monitoring performed on a per node level:
a. RAN node provides the UL/DL packet delay measurement result of Uu interface to the PSA UPF via the N3 interface.
b. The PSA UPF calculates the UL/DL packet delay between UE and PSA UPF based on the UL/DL packet delay result of Uu and N3 interface, and reports QoS Monitoring result to the SMF based on some specific conditions, e.g. when thresholds for reporting to SMF are reached.
4.1 Delay measurement reporting 
For the calculated Uu DL/UL and N3 DL packet delays, the following are possible ways for RAN to report to CN.  
· Option 1: CT4 to decide
· Option 2: Using N3 GTP-U header
· Option 3: Using dummy GTP-U packet
· Option 4: Reporting to TCE
The delays measurements should be calculated and reported per QFI.
Option 2 involves including the Uu delay information in GTP-U headers of UL user plane packets that are being sent to the UPF. 
Option 3 is useful if there are no UL user plane packets that are being sent to the UPF for a long time. RAN node then has to generate a dummy GTP-U packet to transfer the UL/DL Uu delay information.
Both Options 2 and 3 may have significant processing overhead at the RAN node if Uu delay measurements are available frequently and need to be transferred.
GTP-U is designed to carry 3GPP specific information in extension headers. For Options 2 and 3, the PDU Session Container GTP-U extension header can be used to carry the Uu DL/UL and N3 DL delay measurements in the UL GTP-U packets [4][5]. The UL PDU Session Information procedure in [5] can be used, which uses UL PDU SESSION INFORMATION frames. 
[bookmark: _Toc534727728]Excerpt from Section 5.5.2.2 in [5] that describes an UL PDU SESSION INFORMATION frame:5.5.2.2	UL PDU SESSION INFORMATION (PDU Type 1)

This frame format is defined to allow the UPF to receive some control information elements which are associated with the transfer of a packet over the interface.
The following shows the respective UL PDU SESSION INFORMATION frame.
Bits
Number of Octets
7
6
5
4
3
2
1
0

PDU Type (=1)
Spare
1
Spare
QoS Flow Identifier 
1
Padding 
0-3

                        Figure 5.5.2.2-1: UL PDU SESSION INFORMATION (PDU Type 1) Format


· The UL PDU SESSION INFORMATION frame already contains the QFI information so that delay measurements can be reported for each QFI for which delay measurements have been configured by SMF.
Option 4 should be supported since it is part of MDT reporting.
Proposal 1. gNB reports delay measurements to UPF using the PDU Session Container GTP-U header extension (UL PDU SESSION INFORMATION frames). 

4.2 Delay measurement configuration
SMF configures the RAN Uu UL/DL packet delay measurements. 
Proposal 2. The following should be included in the RAN delay measurement configuration provided by SMF:
· QFIs of QoS flows to measure
· Interval for periodic reporting of delay measurements, with the following options:
a. Reporting interval for UL delay
b. Reporting interval for DL delay
c. Reporting intervals for UL and DL delays
The overall call-flow showing the functions of delay measurement configuration and reporting is in Figure 3 below (also see TR 23.725 [8]). The AMF forwards the delay measurement configuration provided by SMF to the RAN node using either the PDU SESSION RESOURCE SETUP REQUEST or PDU SESSION RESOURCE MODIFY REQUEST message.    
Proposal 3. NG-RAN receives per packet delay measurement configuration from SMF via AMF in PDU SESSION RESOURCE SETUP REQUEST and PDU SESSION RESOURCE MODIFY REQUEST.


[bookmark: _Ref7801448]Figure 3: Call-flow showing the delay measurement configuration and reporting functions
5 Conclusions
[bookmark: _Hlk512894710]Based on the above discussions, we recommend that RAN3 discuss the following proposals:

Proposal 1. gNB reports delay measurements to UPF using the PDU Session Container GTP-U header extension (UL PDU SESSION INFORMATION frames
Proposal 2. The following should be included in the RAN delay measurement configuration provided by SMF:
· QFIs of QoS flows to measure
· Interval for periodic reporting of delay measurements, with the following options:
a. Reporting interval for UL delay
b. Reporting interval for DL delay
c. Reporting intervals for UL and DL delays

Proposal 3. NG-RAN receives per packet delay measurement configuration from SMF via AMF in PDU SESSION RESOURCE SETUP REQUEST and PDU SESSION RESOURCE MODIFY REQUEST.
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