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Introduction
The last RAN3 discussed support for QoS monitoring based on LSes [1][2][3] and achieved the following progress:

Support the information over NG-U for per-packet delay measurement only for the case when NG-RAN and UPF are not time synchronized, based on the understanding that the information required for this mechanism works even if NG-RAN and UPF are time synchronized, and the UPF knowing it is time synchronized to the NG-RAN can calculate DL delay (T2-T1) and UL delay (T4-T3) separately between NG-RAN and UPF, instead of calculating RTT by (T4-T1) - (T3-T2).

To be continued, based on the understanding that NG-RAN has only average delay over Uu and reporting average Uu delay may have impacts on E1 and F1 to measure F1-U delay and also to gather measurement result provided from the UE. 

Per QoS flow monitoring configuration from SMF over NG-RAN will be based on 7477, 7478, 7479. 

Support of GTP-U headers by the PDU Session Container GTP-U extension header over NG-U will be based on 7504.

 To be continued...
Namely, it was deferred to address QoS monitoring support as a whole package, including RAN part of delay measurement and reporting over E1 and F1. In this contribution, we further provide our views and propose TPs to complete QoS monitoring support in Rel-16.
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Discussion

The purpose of QoS monitoring is to monitor DL, UL, or RTT packet delay between the UPF and the UE. The SMF is the responsible entity, who configures per QoS flow monitoring to the NG-RAN and to the UPF via PDU session establishment or modification procedure.

The UPF is the one who initiates delay measurement and is also responsible for reporting the end-to-end (between the UPF and the UE) delay result to the SMF. The UPF measures the delay between the UPF and the NG-RAN based on monitoring request/response packets over NG-U. However, the UPF cannot measure the delay between the NG-RAN and the UE (i.e. over Uu interface). This part has to be measured by the NG-RAN, which is only available in an average sense, and provided to the UPF, in order for the UPF to report the end-to-end delay result to the SMF.

2.1     QoS monitoring configuration

As monitoring is QoS flow specific and managed by the SMF, placing monitoring configuration from the SMF under the QoS Flow Level QoS Parameters IE seems well-suited. Whenever a QoS flow is established or modified, this QoS flow level IE is accompanied and propagated internally for the associated DRB (e.g. to a gNB-CU-UP and/or gNB-DU) or propagated to another NG-RAN node (e.g. in case of MR-DC with 5GC). 
We thus propose to add a new IE, such as below, into the QoS Flow Level QoS Parameters IE that already exists in NG/Xn/F1/E1AP, and properly describe in the procedures related to PDU session (or DRB) establishment or modification. 

	QoS Monitoring Request
	O
	
	ENUMERATED (UL, DL, Both, …)
	Indicates to monitor UL, or DL, or both UL/DL delays for the associated QoS flow. Details in TS 23.501.
	YES
	ignore


For encoding, enumeration of UL, DL, and both UL/DL is sufficient, because monitoring is requested to the UPF for any combination of roundtrip, uplink, or downlink end-to-end delay (according to N4 specification TS 29.244 [4], see Annex for details). What UPF needs from NG-RAN in the end is a delay value over Uu interface for either UL or DL or both. 
Proposal 1: For per QFI monitoring configuration, add a new IE in the existing QoS Flow Level QoS Parameters IE and describe properly in the procedures related to PDU session establishment or modification in NG/Xn/F1/E1AP.

It should be also described in HO related procedures in NG/XnAP. The monitoring should be able to continue as long as such QoS flow continues over HO and is successfully admitted by the target NG-RAN node.

Proposal 2: Describe properly in NG/XnAP so that monitoring can continue as long as a monitoring requested QoS flow continues over NG/Xn HO and is successfully admitted by the target NG-RAN node.

2.2     NG-U

The last RAN3 agreed to support only one mechanism over NG-U, which works for both time-synchronized and un-synchronized cases.
Proposal 3: As agreed, enhance the existing DL/UL PDU Session Information frames in NG-U:
·  DL PDU Session Information frame to include QMP indicator, T1 (DL Sending Time Stamp);

·  UL PDU Session Information frame to include QMP indicator, T1 (DL Sending Time Stamp Repeated), T2 (DL Receiving Time Stamp), T3 (UL Sending Time Stamp), and DL/UL Uu delay result.

Another aspect to consider is whether the Uu delay result (either UL or DL or both) has to be always there in the monitoring response packet to the UPF over NG-U or not. In other words, once receiving a monitoring request packet over NG-U, whether the NG-RAN is allowed to send the reply (i.e. monitoring response packet) without including any RAN part delay result or not.

We believe that the RAN part delay has to be always reported in the monitoring responses packet to the UPF: 
·  As mentioned earlier, the purpose of QoS monitoring is to measure end-to-end delay (i.e. between the UPF and the UE), not just between the UPF and the NG-RAN. The RAN part delay, measured and provided by the NG-RAN, should be available when the UPF receives a monitoring response packet. 

·  Although the RAN part delay is measured by the NG-RAN in an average sense and the value may not change for consecutive monitoring requests for a QoS flow, it is better to make the NG-RAN include the corresponding RAN part delay result every time a monitoring response packet is sent. The NG-RAN should be responsible for the RAN part delay and there is no need to make the UPF to store the RAN part delay value upon reception.
·  According to N4 specification [4], a UPF can be configured to report a monitoring failure to the SMF, if it does not receive a reply (monitoring response packet) from the NG-RAN over NG-U for more than the configured time (see Annex for details). This failure reporting could be mess up if we allow the NG-RAN to respond (i.e. send a monitoring response packet over NG-U) without including RAN part delay result.

Proposal 4: NG-RAN to always include Uu delay result (either UL or DL or both) when sending a monitoring response packet to the UPF over NG-U.
2.3     RAN part of the delay measurement and E1/F1
For a QoS flow, the RAN part of the delay between the NG-RAN and the UE (i.e. over Uu interface) is measured based on a DRB for which this flow is mapped to, assuming that all flows mapped to this DRB gets the same QoS treatment. Moreover, all the L2 measurements are average delays per DRB. There is no mechanism in RAN2/RAN3 to measure Uu delay on a per packet basis.
In a split architecture with CP/UP separation, such RAN part delay consists of average delays that are measured separately across DU, CU-UP, and/or CU-CP: 
·  According to TS 28.522 [5], a DL delay over Uu interface is a sum of average delays incurred at CU-UP, on F1-U, at DU, and on the air interface. 
·  According to TR 37.816 [6], an UL delay over Uu interface consists of D1 and D2 where D1 is an average PDCP queuing delay in the UE that is reported to CU-CP via RRC, while D2 is the rest of the average delays measured by CU-UP and DU. 
In general, it can be illustrated as follows:
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Figure 1: Average Uu Delay measurement (for DL and UL) in a split NG-RAN with CP/UP separation
Moreover, when CU-UP receives a monitoring request packet, it should be able to report either UL or DL or both delays on Uu interface based on the monitoring configuration for the concerned QoS flow. This means that CU-UP should be given the Uu delay value to be reported. At least, component delays which are measured by the DU (for both DL and UL) or by the UE (for UL) should be gathered at the CU-UP.
Regarding how to, we propose to follow the simplest approach by letting DU and CU-CP directly report their component delay results to CU-UP. This is better than what was proposed in [7] in which all the component results are first gathered at CU-CP and then CU-CP calculates/sends the Uu delay value to be reported to the CU-UP. We believe that such CU-CP centric approach proposed in [7] is not a good design choice because:
·  First, an average DL delay is not measured anywhere in the CU-CP nor in the UE. Reporting the DU part of DL delay via CU-CP (and eventually to CU-UP) is not necessary. 

·  Moreover, such approach unnecessarily involves multi-hop in case of MR-DC with 5GC. For example of a MN terminated SCG bearer, the DU part of DL delay should be sent to the SN’s CU-CP (over F1-C), then to the MN’s CU-CP (over Xn-C), to be aggregated as the Uu delay value to be reported, which is then forwarded to the MN’s CU-UP (over E1). This is quite complicated compared to sending the DU part of DL delay directly to the MN’s CU-UP via the already established Xn-U between MN and SN.
Proposal 5: DU reports the DU part of DL/UL Uu delay measurement directly to CU-UP via F1-U or Xn-U. 
Proposal 6: CU-CP reports UE part of UL Uu delay measurement directly to CU-UP via E1.
Moreover, since average delays per DRB are measured across different entities, CU-UP should be able to trigger the reporting in case some component result is missing or needs updated. 

Proposal 7: Enable CU-UP to poll delay measurement reporting from CU-CP (UE part of UL Uu delay) via E1 and from DU (DU part of DL/UL Uu delay) via F1-U or Xn-U. 
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Conclusion

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: For per QFI monitoring configuration, add a new IE in the existing QoS Flow Level QoS Parameters IE and describe properly in the procedures related to PDU session establishment or modification in NG/Xn/F1/E1AP.

Proposal 2: Describe properly in NG/XnAP so that monitoring can continue as long as a monitoring requested QoS flow continues over NG/Xn HO and is successfully admitted by the target NG-RAN node.

Proposal 3: As agreed, enhance the existing DL/UL PDU Session Information frames in TS 38.415:

Proposal 4: NG-RAN to always include Uu delay result (either UL or DL or both) when sending a monitoring response packet to the UPF over NG-U.

Proposal 5: DU reports the DU part of DL/UL Uu delay measurement directly to CU-UP via F1-U or Xn-U. 

Proposal 6: CU-CP reports UE part of UL Uu delay measurement directly to CU-UP via E1.
Proposal 7: Enable CU-UP to poll delay measurement reporting from CU-CP (UE part of UL Uu delay) via E1 and from DU (DU part of DL/UL Uu delay) via F1-U or Xn-U. 

The corresponding TPs for NGAP, XnAP, E1AP, F1AP, NG-U, and Xn/F1-U can be found in [8-13], respectively. 
Together with these TPs, we also propose to send a reply LS to SA5/SA2 to update them accordingly as in [14].
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Annex – TS 29.244 [4] Section 5.24.4 Per QoS Flow Per UE QoS Monitoring

5.24.4.1
General
Stage 2 requirements for support of per QoS flow per UE QoS monitoring are specified in clause 5.33.3.2 of 3GPP TS 23.501 [28].
The UPF shall set the QFQM feature flag in the Function Features IE if it supports per QoS flow per UE QoS monitoring (see clause 8.2.25). If so, the SMF may request the UPF to perform the per QoS flow per UE QoS monitoring during a PFCP session establishment or a PFCP session modification procedure.

The SMF shall provision one or more QoS Monitoring per QoS flow control Information IEs to instruct the UPF to monitor the packet delay(s) of QoS flows as specified in 5.24.4.2.

The UPF shall report the QoS monitoring result of the QoS flows to the SMF by sending QoS Monitoring Report IEs to the SMF as specified in 5.24.4.3.

5.24.4.2
QoS Monitoring Control
If the per QoS Flow per UE QoS monitoring is required, the CP function may provision the following IEs included in the QoS Monitoring per QoS flow Control Information IE:

-
one or more QFI IEs indicating the QoS flow(s) required for the QoS monitoring;

-
a Requested QoS Monitoring IE indicating a request to monitor the downlink packet delay, uplink packet delay, and/or the round trip packet delay between the UPF (PSA) and UE;
-
a Reporting Frequency IE indicating the frequency for the reporting, such as event triggered, periodic, and/or when the PDU Session is released;
-
a Packet Delay Thresholds IE indicating thresholds for the downlink packet delay, uplink packet delay, and/or the round trip packet delay to generate the QoS monitoring reports to the CP function, if the Event Triggered QoS monitoring reporting is required in the reporting frequency.

-
a Minimum Wait Time IE, to indicate the minimum waiting time between two consecutive reports, if the Event Triggered QoS monitoring reporting is required in the reporting frequency;

-
a Measurement Period IE, indicating the period to generate periodic usage reports to the CP function if the periodic QoS monitoring reporting is required in the reporting frequency.

5.24.4.3
QoS Monitoring Reporting
If the UP function is requested to perform QoS Monitoring (i.e. it receives one or more QoS Monitoring per QoS flow Control Information IEs from the CP function), the UP function shall select one or more downlink packets pertaining to every requested QoS flow(s), and insert the time stamp into the GTP-U PDU Session Container extension header (see 3GPP TS 38.415 [34]) of these downlink packets.

When receiving the uplink packet related to the requested QoS flow(s), the UP function shall measure the packet delay(s) based on the time stamp(s) and packet delay(s) included in the GTP-U PDU Session Container extension header (see 3GPP TS 38.415 [34]) of the uplink packet, and generate a QoS monitoring report towards the CP function, if the packet delay(s) exceeds the defined Packet Delay Thresholds and Event Triggered QoS monitoring reporting is required in the reporting frequency. The UP function may send a next report only after the minimum waiting time indicated by the CP function.

If the Periodic QoS monitoring reporting is required in the reporting frequency, the UP function shall generate QoS monitoring report based on the Measurement Period.

The UP function shall send QoS Monitoring Report IE to the CP function in PFCP Session Report Request; several QoS Monitoring Report IEs may be present to report the packet delay(s) for multiple QoS flows.
The UP function shall include the delay value (Downlink, Uplink and/or Round trip) in the QoS Monitoring Measurement IE in the QoS Monitoring Report IE.

The UP function shall continue to apply all the provisioned SRR(s) and perform the related QoS monitoring measurement(s), until getting any further instruction from the CP function.

When receiving a new threshold (Packet Delay Thresholds, Minimum Wait Time and/or Measurement Period) from the CP function for a measurement that is already ongoing in the UP function, the UP function shall consider its ongoing measurements against the new threshold to determine when to send its next QoS monitoring report to the CP function.

At the PFCP session termination, the UP function shall include a QoS Monitoring Report IE in the PFCP Session Deletion Response, if the reporting frequency requests a report to be generated at the PFCP session termination.

If the Event Triggered QoS monitoring reporting is required in the reporting frequency, and no time stamp is received in uplink packet for a delay exceeding the Packet Delay Thresholds, the UP function shall generate a QoS monitoring report indicating a packet delay measurement failure to the CP function.

If the Periodic QoS monitoring reporting is required in the reporting frequency, and no time stamp is received in uplink packet for a delay exceeding the Measurement Period, the UP function shall generate a QoS monitoring report indicating a packet delay measurement failure to the CP function.
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