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b.  
Editor’s Note: During UE mobility, e.g., NG-RAN handover or local PSA UPF relocation, whether there are other impacts for ECN marking for L4S is FFS.
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2. The QoS monitoring mechanism has been generalized to include more parameters to be measured and exposed. The ECN marking for L4S is also used to measure the network congestion and expose that via the ECN marking for L4S. This paper try to include the ECN marking for L4S under the QoS monitoring framework, so that the subscription (if needed) procedure of QoS monitoring can be reused to control ECN marking for L4S.
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[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc131517018][bookmark: _Toc131517022][bookmark: _Hlk130904428]5.37.3	Support of ECN marking for L4S to expose the congestion information
[bookmark: _Toc131517019]5.37.3.1	General
L4S (Low Latency, Low Loss and Scalable Throughput) is described in IETF RFC 9330 [159], IETF RFC 9331 [160] and IETF RFC 9332 [161]. It exposes congestion information by marking ECN bits in the IP header of the user IP packets between the UE and the application server to trigger application layer rate adaptation.
In 5G System, ECN marking for L4S may be supported. ECN marking for L4S is enabled on a per QoS Flow basis in the uplink and/or downlink direction and may be used for GBR and non-GBR QoS Flows. ECN marking for the L4S in the IP header is supported in either the NG-RAN (see clause 5.37.3.2 and TS 38.300 [27]), or in the PSA UPF (see clause 5.37.3.3).
NOTE 1:	Whether NG-RAN or PSA UPF based ECN marking for L4S is used is decided by SMF based on operator's network configuration and policies.
In the case of ECN marking for L4S by UPF, the NG-RAN is instructed to perform congestion information monitoring.
NOTE 2:	As for any QoS flow, QoS rules in the UE and PDRs in the PSA UPF control which packets are bound to the L4S enabled QoS flow. The Packet Filter Set in the QoS rule or PDR can use packet filter(s) in clause 5.7.6.2 (e.g. ECT(1) and/or IP 5 tuple) to steer traffic to an L4S enabled QoS Flow.
NOTE 3:	A QoS flow may be enabled with ECN marking for L4S requirement e.g. statically when a PDU session is established based on configuration in SMF or PCF, or dynamically based on detection of the L4S traffic e.g. via ECT(1) and/or IP 5 tuple in the IP header whereby SMF or PCF triggers a setup of a QoS Flow enabled for L4S, or by requests by an AF.
NOTE 4:	To support this functionality, the UE needs to support L4S feedback as described in IETF RFC 9330 [159], which is not in the scope of 3GPP.
Editor's note:	During UE mobility, e.g. NG-RAN handover or local PSA UPF relocation, whether there are other impacts for ECN marking for L4S is FFS.
In case of UE mobility, and NG-RAN is intructed to report congestion information to PSA UPF, the target RAN shall report the latest congestion information to the PSA UPF immediately.
[bookmark: _Toc131517020]5.37.3.2	Support of ECN marking for L4S in NG-RAN
ECN marking for L4S may be supported in NG-RAN as specified in TS 38.300 [27].
To enable support of ECN marking for L4S in NG-RAN, dedicated QoS Flow(s) are used for carrying L4S enabled IP traffic. The SMF may be configured to, based on PCC Rule provide an indication for ECN marking for L4S to NG-RAN for a corresponding QoS Flow(s), but in the absence of such configuration the use of L4S on a QoS flow is controlled by a coordinated configuration in NG-RAN and 5GC.
The criteria based on which NG-RAN decides to mark ECN bits for L4S is NG-RAN implementation specific.
[bookmark: _Toc131517021]5.37.3.3	Support of ECN marking for L4S in PSA UPF
To enable ECN marking for L4S by a PSA UPF, a QoS Flow level ECN marking for L4S indicator may be sent by SMF to PSA UPF over N4. SMF also indicates to NG-RAN to report the congestion information (i.e. a percentage of packets that UPF uses for ECN marking for L4S) of the QoS Flow on UL and/or DL directions via GTP-U header extension to PSA UPF. If there is no UL packet when report for DL and/or UL needs to be provided, NG-RAN may generate an UL Dummy GTP-U Packet for such a reporting.
Upon successful activation of congestion information reporting for UL and/or DL, PSA UPF uses information sent by NG-RAN in GTP-U header extension (see TS 38.415 [116] and TS 38.300 [27]) to perform ECN bits marking for L4S for the corresponding direction.
The criteria based on which NG-RAN measures the congestion information is up to NG-RAN impelmentation.
* * * * Second change * * * *
[bookmark: _Toc131517074]5.37.4	Network Exposure of 5GS information
5GS and XR/media services cooperate to provide a better user experience using External Network Exposure.
Based on the AF request, the 5GS can report per QoS Flow information based on the QoS Monitoring as defined in clause 5.33.3 and/or clause 5.45:
-	For the congestion information, based on the PCC rule from PCF, the SMF requests the NG-RAN to report via GTP-U header to UPF and to PSA UPF to expose the information described in clause 5.37.3.3 (this NG-RAN information can be provided to support ECN marking for L4S in PSA UPF as described in clause 5.37.3.3) via Nupf_EventExposure service or via SMF/PCF/NEF as described in clause 5.8.2.18.
-	For QoS Notification Control for GBR QoS Flow as defined in clause 5.7.2.4, upon SMF request, the NG-RAN may additionally support indicating that "GFBR can no longer (or can again) be guaranteed" via GTP-U to UPF and the PSA UPF exposes this information via Nupf_EventExposure or via SMF/PCF/NEF as described in clause 5.8.2.18.
-	Data rate information may be measured and exposed to the AF based on SMF request as one of the following:
-	measured and reported by PSA UPF via Nupf_EventExposure service or via SMF/PCF/NEF as described in clause 5.8.2.18.
-	measured by RAN and reported via SMF/PCF/NEF.
Editor's note:	It is for RAN WGs to confirm whether providing QoS Notification Control for GBR QoS Flow and data rate information can be included in Release 18.
-	Round trip delay for multiple QoS Flows of the XR service (e.g. the UL and DL are separated into two flows) in the same PDU Session is determined based on the information provided by the PSA UPF on the QoS Monitoring for delay measurement of individual QoS Flow as described in clause 5.33.3. The AF includes in the request the necessary information for the PCF to derive the associated QoS monitoring requirements for each PCC rule. The PCF provides the QoS Monitoring policies in the PCC rules for the XR service data flows. The PSA UPF reports the delay information per QoS Flow to the SMF. SMF reports to PCF. The PCF derives round trip delay information for the XR service data flows and exposes the information to the AF directly or via NEF.
NOTE:	How PCF calculates the requested round trip delay for multiple QoS flows from delays of individual QoS Flows is not defined in this specification.
Editor's note:	It is FFS whether all QoS monitoring requests can be addressed with the limitation of one QoS Monitoring control information per PCC.
The AF may provide the Alternative QoS parameter set requirements and Averaging Window to the NEF/PCF for the GBR QoS Flow as specified in clause 4.15.6.6 of TS 23.502 [3].
Estimated bandwidth for 5QI may be exposed by NWDAF (according to information described in clause 6.9.2 of TS 23.288 [86]) to AF.
* * * * Third change * * * *
5.45.5	QoS notification monitoring
QoS monitoring of QoS notification allows that QoS notification control information reported by NG-RAN can be exposed directly by UPF. The QoS Notification Control for a GBR QoS flow is as defined in clause 5.7.2.4. When the NG-RAN is instructed to perform QoS Notification Control and report the QoS notification (e.g. events of "GFBR can no longer be guaranteed" and "GFBR can be guaranteed again") via the tunnel(s) between the NG RAN and UPF as defined in clause 5.7.2.4, the PSA UPF is required by SMF to monitor the event report from the NG-RAN by the SMF.
The QoS Monitoring on the Events of "GFBR can no longer be guaranteed" and "GFBR can be guaranteed again" is per GBR QoS flow level.
Editor's note:	It is for pending to RAN WG to confirm whether providing QoS Notification for GBR QoS Flow to the CN via User Plane can be included or not in Release-18.
[bookmark: _Hlk125067183]NOTE:	The QoS nofication monitoring and exposure described in this clause and the Notification Control described in clause 5.7.2.4 can be initiated independently.
Editor’s Note: It is FFS whether Direct exposure of QoS Notification does need to be part of QoS Monitoring of rather more as an extension to 5.7.2.4 and a new UPF Event.
* * * * Forth change * * * *
5.45.X	Monitoring of congestion Information via ECN marking for L4S 
Support of ECN marking for L4S to expose the congestion information is described in clause 5.37.3.
In case the ECN marking for L4S is instructed by SMF, the SMF sends QoS Monitoring requests to NG-RAN/UPF to instructs
-	the NG-RAN to perform ECN marking for L4S. or
[bookmark: _GoBack]-	the NG-RAN to provide the UL and/or DL QoS Flow congestion information to the UPF, and the UPF to perform ECN marking for L4S.
 

* * * * End of changes * * * *

