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1
Decision/action requested

The group is asked to discuss and agree on the proposal.
2
References

[1] 
S2-1908295 QoS monitoring based on GTP-U paths.

[2]
S2-1908357 Introduction of QoS Monitoring to assist URLLC Service.

3
Rationale

The E2E delay measurements between UE and PSA (PDU session anchor) UPF need to be monitored, and SA2 has agreed two solutions for measuring the packet delay between UE and PSA UPF in the agreed CRs S2-1908295 [1] and S2-1908357 [2] respectively.
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Solution #1: 
In solution 1 [1], 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 estimation 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 accumulated packet delay by adding RTT/2, the processing time and, if available, an accumulated packet delay from an upstream GTP-U sender (i.e. an immediately preceding GTP-U sender in user plane path) thus the measured accumulated delay represents an estimated elapsed time since a user plane packet entered 3GPP domain.
It is expected that a GTP-U sender determines RTT periodically in order to detect changes in transport delays.
Specifically, the E2E latency is measured in the following way:
-
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 (including delays of F1-U, Xn-U, Uu interfaces for NR) and N3 interface towards SMF (via N2).

-
The PSA UPF calculates the UL/DL packet delay of N3/N9 interface (N9 is applicable when I-UPF exists).

-
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 towards SMF (via N4) are reached.
-
The UPF performing the QoS monitoring can provide the corresponding {Network instance, DSCP} along with the measured packet delay for the corresponding transport path to the SMF.
For management, the following needs to be addressed:

1) 
Given that the measurements are requested for all UPFs and (R)AN by SMF based on policies. The QoS monitoring policy needs to be configurable on SMF by management system. See below the proposal on solution on QoS monitoring policy management.

2) 
SMF may not receive all of the delay measurements, but just a subset which meets the specific conditions (e.g., threshold is reached). Thus management system needs to collect the delay measurements from RAN and PSA UPF.

3) 
For the packet delay measured by RAN, the following measurement have been already defined in 28.552:

· 5.1.1.1.1
Average delay DL air-interface5.1
· 5.1.3.3.1
Average delay DL in CU-UP
· 5.1.3.3.2
Average delay on F1-U
· 5.1.3.3.3
Average delay DL in gNB-DU
· 5.1.3.4.2
IP Latency DL in gNB-DU
These measurements are split into subcounter per 5QI/QCI, which is very useful. 
However there are some issues:

- 
these measurements are not counted per network slice (S-NSSAI) yet.

- 
no measurements on UL delay are defined.

-
besides the average value, it would be beneficial to provide the delay distributions into bins with delay ranges, so that the measurement can tell the occurrences about the packets with each certain range of delay. 
-
the measurements about UL N3 delay is missing.
4)  
For the packet delay measured by PSA UPF, the following measurement have been already defined in 28.552:

· 5.4.1.9

Round-trip GTP Data Packet Delay on N3

This measurement is defined per N3 interface. 
However, there are some issues:

· it would be more beneficial to split this measurement into subcounters per DSCP, which can be better reflect the performance related to the QoS flows.
· the measurements are not for each network slice (S-NSSAI), so it cannot tell the performance pertinent to a network slice.

· besides the average value, it would be beneficial to provide the delay distributions into bins with delay ranges, so that the measurement can tell the occurrences about the packets with each certain range of delay.

· the measurement on UPF internal delay (i.e., processing time) is missing.

· the measurements related to DL/UL delay on N9 are missing (where I-UPF exists).
· the already defined measurement (5.4.1.9 of 28.552) on N3 delay does not differentiate for PSA UPF and I-UPF. But in order to know the e2e delay between the UE and PSA UPF, the N3 needs to be differentiated for I-UPF and PSA-UPF.
Solution 2: 

In solution 2 [2], the e2e packet delay between UE and PSA UPF is a combination of the UL/DL packet delay on Uu interface and UL/DL packet delay between NG-RAN and PSA UPF. The NG-RAN is required to provide the QoS Monitoring on UL/DL packet delay on Uu interface. The QoS Monitoring on UL/DL packet delay between NG-RAN and PSA UPF can be performed on different levels of granularities, i.e. per QoS Flow per UE level, or per GTP-U path level, subject to the operators’ configuration, and/or 3rd party application request, and/or PCF policy control for the URLLC services. 

SMF activates the end to end UL/DL packet delay measurement between UE and PSA UPF for the QoS Flow during the PDU Session Establishment or Modification procedure. 

The SMF sends a QoS Monitoring request to the RAN via N2 signalling. The QoS Monitoring request may contain monitoring parameters determined by SMF based on the authorized QoS Monitoring policy received from the PCF and local configuration.

The NG-RAN initiates the measurement of UL/DL packet delay on Uu interface based on the QoS Monitoring request from SMF. NG-RAN reports the UL/DL packet delay result on Uu interface to the PSA UPF.
SMF sends the QoS Monitoring request to the PSA UPF and NG-RAN to request the QoS monitoring between PSA UPF and NG-RAN. The QoS Monitoring request may contain monitoring parameters determined by SMF based on the authorized QoS Monitoring policy received from the PCF and local configuration.
If the NG-RAN and PSA UPF are time synchronised, the one way packet delay monitoring between NG-RAN and PSA UPF is supported. The time stamp in the GTP-U header is used for UL/DL packet delay measurement. PSA UPF and NG-RAN calculates the UL packet delay and DL packet delay between NG-RAN and PSA UPF respectively based on the received time stamp in GTP-U header of service packet and the local time. NG-RAN encapsulates the DL packet delay result in the GTP-U header of UL packet data sent to UPF. The NG-RAN sends a dummy UL packet as the monitoring response packet to the UPF in case there is no UL service packet for UL packet delay monitoring. 
If the NG-RAN and PSA UPF are not time synchronised, it is assumed that the UL packet delay and the DL packet delay between NG-RAN and PSA UPF is the same. The PSA UPF creates and sends the monitoring packets to the RAN, and calculates the round trip and UL/DL packet delay between NG-RAN and anchor PSA UPF based on the time information contained in the GTP-U header of the received UL monitoring packets. The PSA UPF calculates the UL/DL packet delay between UE and PSA UPF based on the received UL/DL packet delay results of Uu interface and UL/DL packet delay between RAN and PSA UPF. The PSA UPF reports the result to the SMF based on some specific condition, e.g. when threshold for reporting to SMF is reached.

For management, the following needs to be addressed:

1) 
Given that the measurements are requested for PSA UPF and (R)AN by SMF based on policies. The QoS monitoring policy needs to be configurable on SMF by management system. See below the proposal on solution on QoS monitoring policy management.

2) 
SMF may not receive all of the delay measurements, but just a subset which meets the specific conditions (e.g., threshold is reached). Thus management system needs to collect the delay measurements from RAN and PSA UPF.

3) 
For the packet delay measured by RAN, the following measurement have been already defined in 28.552:

· 5.1.1.1.1
Average delay DL air-interface5.1
· 5.1.3.3.1
Average delay DL in CU-UP
· 5.1.3.3.2
Average delay on F1-U
· 5.1.3.3.3
Average delay DL in gNB-DU
· 5.1.3.4.2
IP Latency DL in gNB-DU
These measurements are split into subcounter per 5QI/QCI, which is very useful. 

However there are some issues:

- 
these measurements are not counted per network slice (S-NSSAI) yet.

- 
no measurements on UL delay are defined.

-
besides the average value, it would be beneficial to provide the delay distributions into bins with delay ranges, so that the measurement can tell the occurrences about the packets with each certain range of delay. 

-
the measurements about DL N3 delay for gNB-CU-UP is missing for “time synchronised” case.

-
The air-interface delay and F1-U delay measurements are not for on-way, but round-trip.

-
whether RAN will have different mechanism for measuring the delay to support the solution #2?

4)  
For the packet delay measured by PSA UPF, no measurements have been defined for solution #2. And the following measurements are needed:
· the UL packet delay between PSA UPF and NG-RAN for “time synchronised” case, for PSA UPF;
· the RTT packet delay between PSA UPF and NG-RAN for “not time synchronised” case, for PSA UPF;
· the e2e RTT delay between UE and PSA UPF for “not time synchronised” case, for PSA UPF;
· the measurement on PSA UPF internal delay (i.e., processing time) is missing.
4
Detailed proposal
1. For measurements definitions related to solution #1:
1.1: 
Add subcounters related to the following measurements to provide delay distributions per bin (with vendor specific delay range) and subcounters per S-NSSAI.

· 5.1.1.1.1
Average delay DL air-interface
· 5.1.3.3.1
Average delay DL in CU-UP
· 5.1.3.3.2
Average delay on F1-U
· 5.1.3.3.3
Average delay DL in gNB-DU
· 5.1.3.4.2
IP Latency DL in gNB-DU
1.2: 
Add measurement related to UL delay on N3 interface to gNB CU-UP.

1.3: 
For 5.4.1.9 “Round-trip GTP Data Packet Delay on N3”:

· make it clear that this measurement is about DL delay on PSA UPF;
· Add subcounters per DSCP.

1.4: 
Add measurements related to DL N3 delay on I-UPF.

1.5: 
Add measurements related to DL and UL delay within the PSA UPF and I-UPF. Note that these measurements are common to solution #1 and solution #2.
1.6: 
Add a measurement related to DL N9 delay on PSA UPF and UL N9 delay on I-UPF.
1.7: 
Further discussion on how to measure UL delay in NG-RAN.

2. For measurements definitions related to solution #2:
2.1: 
Add measurement related to one-way DL delay on N3 interface for “time synchronised” scenario, for gNB CU-UP.

2.2: 
See proposal 1.5 about the UL/DL delay within PSA UPF.

2.3: 
Add measurements related to one-way UL packet delay between PSA UPF and NG-RAN for “time synchronised” case, for PSA UPF.

2.4: 
Add measurements related to RTT packet delay between PSA UPF and NG-RAN for “not time synchronised” case, for PSA UPF.

2.5: 
Add the e2e RTT delay between UE and PSA UPF for “not time synchronised” case, for PSA UPF.
2.6: 
Further discussion on how to measure DL and UL delay in NG-RAN for solution #2.

3. 
For policy control of QoS monitoring, it is proposed to define the following IOC under SMFFunction for QoS monitoring control.


[image: image2.emf]<<InformationObjectClass>>

SMFFunction

<<InformationObjectClass>>

QoSMonitoringControl

1

1

<<names>>


The “QoSMonitoringControl” IOC will contain the following attributes:
> GTPEchoControl: for control the GTP Echo based solution (solution #1 above-mentioned)
>> 
IsGTPEchoEnabled: for switching on/off the GTP echo based method for QoS monitoring
>>  GtpEchoIntervalPeriod: the period that the GTP Echo message is sent on a GTP path 
>>  MonitoredSNSSAIs: the S-NSSAIs to be monitored by the GTP Echo based solution
>>  Monitored5QIs: the 5QIs to be monitored by the GTP Echo based solution

> GTPTimeStampControl: for control the GTP Time Stamp based solution (solution #2 above-mentioned)
>> 
IsGTPTimeStampEnabled: for switching on/off the GTP echo based method for QoS monitoring
>>  GtpTimeStampPeriod: the period that the GTP time stamp is sent on a QoS flow
>>  MonitoredSNSSAIs: the S-NSSAIs to be monitored by the GTP Time Stamp based solution
>>  Monitored5QIs: the 5QIs to be monitored by the GTP Time Stamp based solution
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