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Abstract of the contribution: New solution for KI#9: Enhancement for XR related network information exposure to expose PDU Set Delay (PSD) and/or PDU Set Loss Rate (PSLR) measurements.
Discussion
This pCR provides a solution to measure and expose PDU Set Delay and/or PDU Set Loss Rate to the Application. 
The AF or PCF/SMF (if locally configured) may provide PDU Set QoS parameters such as PSDB and PSER to RAN to ensure QoS for the service. However, there is no mechanism via which the AF/5GC can know whether the PSDB and/or PSER are satisfied. Without the ability to measure the PDU Set Delay (PSD) and/or PDU Set Loss Rate (PSLR) and report it, a failure to achieve the requested PDU Set QoS will be unknown, and hence it is not possible for the AF or 5GC to take action to mitigate the failure to achieve the requested PDU Set QoS. 
This solution provides a way to measure the PDU Set Delay (PSD) and/or PDU Set Loss Rate (PSLR) and report it to the application (AF). PSD measurement reuses mechanisms for QoS Monitoring for packet delay using time stamps (see 23.501 clause 5.33.3.2) and subsequent reporting. PSLR measurement uses reporting of PDU loss within a PDU Set from the NG-RAN. 
Proposal
New Solution proposed for KI#9 in the XRM Ph2 TR23.700-70.
*** First change (all new text) ***
[bookmark: _Toc161291364]6.X	Solution #x: Exposure of PDU Set Delay and/or PDU Set Loss Rate to AF
[bookmark: _Toc161291365]6.X.1	Key Issue mapping
This solution is for KI #9. It addresses how the NG-RAN can measure and report the PDU Set Loss Rate (PSLR) and or PDU Set Delay (PSD) as requested by the AF or configured by the 5GC (e.g., SMF) for Downlink (DL) traffic.
[bookmark: _Toc161291366]6.X.2	Description
[bookmark: _Toc161291367]6.X.2.1	General
This solution enhances QoS Monitoring (see TS23.501, clause 5.45) to include monitoring of PDU Set Delay (PSD) and/or PDU Set Loss Rate (PSLR) for XR traffic. QoS Monitoring policies are created in PCF (based on a request from the AF or due to local configuration), to activate PSD and/or PSLR measurements. PSD and/or PSLR are reported to the 5GC (e.g., towards the AF) either periodically or a-periodically (e.g., threshold based or when a certain number of measurements have been obtained) using existing reporting measures. The 5GC (SMF) configures the RAN to measure the PSD and/or PSLR measurement similar to RAN configuration of existing QoS monitoring. 
The AF may request PSD and/or PSLR measurements which may trigger PSD and/or PSLR monitoring for service data flow(s). Optionally, the AF may provide an “analysis time window” (ATW) indicating a time interval for determining the PSLR or PSD, or the “number of PDU Sets” (NPS) required for making a PSLR or PSD measurement as monitoring requirements. The AF may also provide one or more reporting requirements including thresholds for reporting PSLR and/or PSD. The AF may request separate reporting related parameters (e.g., reporting frequency, reporting triggers such as threshold based) for PDU set performance measurements.
Note: The ATW is the duration over which PSLR or PSD is determined and the alternative NPS is the number of PDU Sets over which the PSLR or PSD is determined. This is different from the measurement reporting metrics (e.g. reporting periodicity). The ATW or NPS must be large enough for the PSLR or PSD to be “correct” statistically. ATW or NPS may be provided by the AF or configured in the RAN.
The PCF generates the authorized policy requesting PSD and/or PSLR monitoring for a service data flow based on the AF request or local policy, includes the monitoring request in the PCC rule and provides it to the SMF. 
6.X.2.2	PDU Set Delay Measurement and Reporting 
When SMF receives the authorized QoS Monitoring policy for PSD in a PCC rule, it configures the UPF and NG-RAN to perform delay measurements using per QoS Flow per UE QoS measurements. Monitoring results for PSD may be sent directly to the AF, or to the AF via the NEF. Reporting can be either periodic or only when the measured PSD exceeds a threshold, which may be relative to the PSDB QoS parameter.
-	Based on configuration from the SMF, the UPF starts a PSD measurement by detecting the first received DL PDU (PDU_i) of a PDU set. The UPF records the time the PDU arrived at the UPF. This is T1_i. The UPF sends T1_i along with PDU Set Information in the GTP-U header to the NG-RAN. 
-	NG-RAN detects the first received PDU (PDU_i) of a PDU set based on the information supplied by the UPF in the GTP-U header (e.g.: new PDU Set SN, or PDU SN within a PDU Set = 1 or presence of T1_i) and obtains T1_i from the GTP-U header.
-	When the NG-RAN receives a PDU of the PDU Set with the “Indication of End PDU” in the PDU Set information, it records the time of end of the transmission of the PDU to the UE (Tend_N) and it calculates the PSD for the PDU Set by subtracting the timestamp provided by the UPF in the first PDU of the PDU Set (T1_i) from the measured Tend_N of the last PDU of the PDU Set,  i.e.: PSD = Tend_N – T1_i.
-	The RAN may gather individual PSD measurements and send reports based on these measurements to the SMF or UPF when the monitoring and reporting criteria are met.
-	If the NG-RAN is not able to derive the Tend_N, for example, due to the last PDU of the PDU set being lost or dropped by the NG-RAN, then NG-RAN does not count that PDU Set for PSD measurement.
NOTE: 	As an alternative, the UPF may store T1_i rather than send it to the RAN with the PDU Set information. In this case the RAN reports Tend_N to the UPF and the UPF determines PSD = Tend_N – T1_i. The UPF is then responsible for determining when monitoring and reporting criteria are met.

6.X.2.3 	PDU Set Loss Rate Measurement and Reporting
When SMF receives the authorized QoS Monitoring policy for PSLR in a PCC rule, it configures NG-RAN to perform PSLR measurements and report the measurements either to the SMF or to the UPF. Monitoring results for PSLR may be sent directly to the AF, or to the AF via the NEF. Reporting can be either periodic or only when the measured PSLR exceeds a threshold, which may be relative to the PSER QoS parameter.
For each PDU Set sent by the NG-RAN, the NG-RAN starts to record how many PDUs within the PDU set are sent to the UE successfully and/or how many PDUs in the PDU set are lost (not sent to the UE successfully).  
-	If as a result of Key Issue #1, an application layer Forward Error Correction (FEC) ratio that indicates the fraction of PDUs of a PDU Set required by the application to recover the PDU Set is provided to the RAN, the FEC Ratio is used to determine whether a PDU Set loss has occurred. When the portion of PDUs of a PDU Set that are lost exceeds that indicated by the FEC Ratio, the PDU Set is considered lost.
-	If the NG RAN is not aware of a FEC-Ratio criteria applicable for the PDU Set, then it uses a default criterion that if any PDU of the PDU Set is lost, the PDU Set is considered lost. 
NOTE: 	This default criteria is consistent with the Rel 18 PSER definition that a PDU Set is only considered successfully delivered when all PDUs of a PDU Set are delivered successfully.
When a sufficient number of PDU Sets have been monitored according to a received or configured ATW or NPS criterion, the NG-RAN determines a PSLR measurement as (Number_of_PDU_Sets lost) / (Total Number of PDU Sets sent). The RAN may gather individual PDU Set PSLR measurements and send them in a measurement report to the SMF or UPF. 
6.X.3	Procedures


1a.    AF sends a request for PDU Set QoS monitoring for PLSR and/or PSD. It may optionally include one or more monitoring requirements and reporting parameters (e.g. reporting thresholds, reporting frequencies, reporting thresholds, etc.).
1b.   PCF creates PCC rule with PDU Set QoS monitoring parameters for PSD and/or PSLR. For PSD measurements, the SMF configures monitoring in the UPF. If reporting of PSLR via UPF (option 2) is used, the SMF may configure UPF to report the PSLR monitoring results as described in TS 23.501 clause 5.8.2.18.
2.   SMF configures the serving NG-RAN to perform PSD and/or PSLR measurements.
3.  DL XR traffic is received at the UPF.
For PSD Calculation:
4.	The UPF detects the first PDU of PDU Sets, determines the time T1_i when the PDU was received at the UPF and includes the time T1_i with the PDU Set Information in the GTP-U header of the PDU.  
5.	UPF sends PDU with PDU Set information in GTP-U header to the RAN.
6.	The RAN sends the PDUs of the PDU set to the UE.
7.	The last PDU of the PDU Set is received at the RAN.
8.	The RAN detects the last PDU of the PDU Set. When the PDU is successfully sent to the UE, the RAN determines the time Tend_N.
9.	The RAN determines or updates its estimate of the PSD using the difference (Tend_N – T1_i).
10.	The RAN determines if the monitoring and reporting criteria are met.
11	(for reporting via the SMF/PCF) - if the reporting criteria are met, the RAN sends a measurement report to the SMF/PCF. The measurement report may be sent to the AF (optionally via the NEF).
12.	(for reporting via the UPF) - if the reporting criteria are met, the RAN sends a measurement report to the UPF. The measurement report may be sent to the AF (optionally via the NEF).
For PSLR Calculation:
13.	The RAN determines if there is a failure to send a PDU Set based on the number of PDUs that are lost.
14.	When a sufficient number of attempts to send PDU Sets have been made (as determined by received or configured ATW or NPS), the RAN determines or updates a PLSR measurement.
15.	(for reporting via the SMF/PCF) - if the reporting criteria are met, the RAN sends a measurement report to the SMF/PCF. The measurement report may be sent to the AF (optionally via the NEF).
16.	(for reporting via the UPF) - if the reporting criteria are met, the RAN sends a measurement report to the UPF. The measurement report may be sent to the AF (optionally via the NEF).
6.X.4	Impacts on services, entities and interfaces
SMF:
-	Configures the RAN to report PSD and/or PSLR either directly to SMF or to the UPF.
UPF:
-	Reports the monitoring results for PSD and/or PSLR to the SMF or to an NEF/AF 
AF:
-	Requests PSD and/or PSLR via QoS Monitoring. 
RAN:
-	Derives PSD and/or PSLR and reports to 5GC 
UE:
-	None
*** END of first change ***
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