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Abstract of the contribution:
This contribution proposes to add new solution for key issue 3 of FS_XRM. 
1. Proposal
It is proposed to add the following solution for key issue 3 of TR 23.700-60.
*********** First Change***********

6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
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*********** Second Change (all new) ***********
6.X
Solution #X: Exposure of round-trip delay to support XR/media enhancements
6.X.1
Key Issue mapping
This solution can apply to key issue 3.

6.X.2
Description

For certain interactive XR/ media services, the server renders the media content according to the received UL pose/control information from the UE and transmits the media content in DL to the UE. So the user experience is affected by the round-trip delay rather than the one-way delay. So the round-trip delay may be used by the server to optimize the XR/media services. For example, if the XR server could get the knowledge that the round-trip delay within the network is bigger than certain threshold, it can adjust the coding algorithm complexity accordingly to the impacted UEs so as to further improve the user’s service experience. The round-trip delay needs to be exposed timely in order to guarantee the effective usage in the server side. 

This solution is based on the current network information exposure architecture. The NEF interacts with AF to receive the QoS monitoring request on the round-trip delay of certain UE, and then obtains the round-trip delay information from certain network function. Finally the NEF responds with the requested information to the AF.
There are two possible cases for round-trip delay monitoring. 
· The UL and DL traffic may be within the same QoS flow. In this case, this QoS flow is impacted for the round-trip delay monitoring;
· The main UL and DL traffic are separated into two different QoS flows, e.g. the UL pose/control information from UE is sent in QFI-1, the DL media content information from sever is sent in QFI-2. 
The CN round-trip delay which is between the RAN and PSA UPF for the service (CNRTT) is calculated by the PSA UPF. If the two QoS flows (QFI-1 and QFI-2) are impacted, the CNRTT should be the average value of CN round-trip delay of QFI-1 (CNRTT1) and CN round-trip delay of QFI-2 (CNRTT2), i.e., CNRTT=( CNRTT1+CNRTT2)/2.  

Similarly, the RAN part of round-trip delay for the service could also be calculated by RAN.
In this solution, the PCF determines the impact QFI(s) according the QoS monitoring request on round-trip delay. And then the PCF sends the QoS monitoring indication to the SMF. The SMF sends a QoS Monitoring request to the PSA UPF via N4 and NG-RAN via N2 signalling to request the QoS monitoring on round-trip delay.
Based on the monitoring request, the RAN calculates the RAN part of round-trip delay and sends the results to the PSA UPF; PSA UPF calculates the CNRTT and obtains the whole round-trip delay for the service. 
The related procedure is in the following section.
6.X.3
Procedures


[image: image1]
Fig.1 Round-trip delay exposure procedure
0. UE establishes the PDU session for the XR service using certain DNN, and/or S-NSSAI.
1. The AF sends a request using Nnef_AFsessionWithQoS_Create request message (UE address, AF        Identifier, Flow description(s) or External Application Identifier, QoS monitoring for round-trip delay) to the NEF. Optionally, a period of time, reporting frequency or delay thresholds for the requested service can be included in the AF request. 
2. The NEF authorizes the AF request. If the authorisation is not granted, all steps (except step 5) are skipped and the NEF replies to the AF with a Result value indicating that the authorisation failed.
3. The NEF consumes Nbsf_Management_Discovery service operation (providing at least the UE address) to find out the address of the relevant PCF.

4. The NEF invokes the Npcf_PolicyAuthorization service to the PCF and provides UE address, AF Identifier, Flow description(s), and QoS monitoring for round-trip delay. Any optionally received period of time, reporting frequency or delay thresholds are also included.
5. The NEF sends a Nnef_AFsessionWithQoS_Create response message (Transaction Reference ID, Result) to the AF. Result indicates whether the request is granted or not.
6. The PCF determines the impacted SMF by the AF request on QoS monitoring. Regards to the round-trip delay monitoring, the UL and DL traffic may be within one QoS flow, or separated into two different QoS flows. PCF determines which QoS flow(s) within the PDU session of the UE are impacted by the QoS monitoring request. 
The PCF invokes Nsmf_ EventExposure_Subscribe service operation to trigger the QoS monitoring of round-trip delay for the impacted QoS flow(s) to the SMF. The Notification Target Address is pointing to the NEF.
7. The SMF provides the N4 rules containing the QoS Monitoring policy generated according to the information received in step 6 to the UPF via the N4 Session Modification Request message.

8. The SMF invokes Namf_Communication_N1N2MessageTransfer ([N2 SM information] (PDU Session ID, QFI(s), QoS Monitoring indication) to the AMF. 
The SMF indicates the request for QoS Monitoring for the QoS Flow according to the information received from the PCF in step 6. 
9. The AMF sends N2 ([N2 SM information received from SMF] Message to the RAN.
10. In the case of receiving the QoS Monitoring indication, the RAN enables the RAN part of UL/DL packet delay measurement for the QoS Flow(s) and calculates the RAN part of round-trip delay. According the QoS monitoring reporting criterion, the RAN reports the RAN part of round-trip delay to the PSA UPF in the UL data packet or dummy UL packet, as in defined in clause 5.33.3.2 of 23.501
11. The PSA UPF measures the CN part UL/DL delay of the impacted QoS flow(s) and calculates the CN part round-trip delay (from PSA UPF and RAN) for the service.

After receiving the RAN part of round trip delay, the PSA UPF calculates the round-trip delay within the network. 
According the QoS monitoring reporting criterion, the UPF sends a Nupf_EventExposure_Notify message (round-trip delay) to the NEF.
12. The NEF sends Nnef_AFsessionWithQoS_Notify message with the round-trip delay to the AF.
6.X.4
Impacts on services, entities and interfaces

NEF:
· Interaction with AF for the QoS monitoring on round-trip delay information.

· Receiving the round-trip delay report from the PSA UPF.
PCF:
· Interaction with NEF/AF for the round-trip delay information exposure.

· Determine the impacted QoS flow(s) for the round-trip delay monitoring request. 
If the UL and DL traffic for the service are within one QoS flow, this QoS flow is impacted for the round-trip delay monitoring; If the main UL and DL traffic for the service are separated into two QoS flows, these two QoS flows are impacted for the round-trip delay monitoring;

RAN:

· Receiving the QoS Monitoring request from SMF, including the impacted QFI(s), round-trip delay monitoring.
· Measuring the RAN part of round-trip delay for the QFI(s) and sends the result to the PSA UPF. 
PSA UPF:

· Receiving the RAN part round-trip delay for the QoS monitoring request; 

· Measuring the CN part round-trip delay and obtains the round-trip delay for service.
· Reporting the round-trip delay for the service to the NEF.
AF:
· Interaction with NEF for the QoS monitoring on round-trip delay information.
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