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	Reason for change:
	(1)  TS 23.501 clause 5.37.3.1 states that AF is notified if a ECN marking for L4S is no longer supported in a target NG-RAN or PSA UPF due to UE mobility or UPF relocation. But ECN marking for L4S may be enabled in 5GS without AF requests too. In such cases AF need not be notified of status changes for ECN marking.
(2) There is a need to add a PCF related statement to clause 5.37.3.3, in order to:
1. Keep the symmetry between the ‘ECN marking by NG-RAN’ option and the ‘ECN marking by PSA UPF’ option.
2. Making sure it is clear that we can indeed perform PSA UPF based ECN marking for L4S, based on PCF rule.

	
	

	Summary of change:
	Rev 9816_was_9445 includes: 
(1) Clause 5.37.3.1 – (Based concept: Notification to AF on suspension of ECN marking for L4S due to non-support of the feature in target NG-RAN or PSA-UPF is only provided if AF has requested for L4S handling of that traffic explicitly).
(1.1) Merge from Apple paper S2-2308870 (text, based on the concept above, added to 5.37.3.1)  + comment from Huawei. 
(2) Cause 5.37.3.2 (RAN) – 
(2.1) Language is adjusted. 
(2.2) Merge from Lenovo paper, S2-2309017 (text added).
(2.3) Language improvements + accuracies from Huawei. 
(2.4) (as per Huawei’s request and Ericsson’s agreement) Changing “QoS flow is controlled by a coordinated configuration in NG-RAN and SMF” to its original form “QoS flow is controlled by a coordinated configuration in NG-RAN and 5GC”.
(2.5) (as per Ericsson’s request) editorial (adding the word “to”).
(3) Clause 5.37.3.3 (UPF) -
(3.1) A new PCF related statement is added. 
(3.2) As per Ericsson’s request and companies’ agreement removing “In the absence of such PCC rule instruction the use of ECN marking for L4S by the PSA UPF on a QoS flow is controlled by a coordinated configuration in NG-RAN and SMF.”
(3.3) (based on Huawei’s catch) add the words “in UL or/and DL directions” in order to make it symmetric to the RAN section.

	
	

	Consequences if not approved:
	The XRM solutions of ECN marking for L4S will be incomplete.
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[bookmark: _Toc138309681][bookmark: _Toc131517020]5.37.3	Support of ECN marking for L4S to expose the congestion information
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 PSA 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.
When serving PSA UPF or NG-RAN is changed e.g. due to inter-NG-RAN handover or PSA UPF relocation, target NG-RAN and target PSA UPF should keep contributing to ECN marking for L4S for the QoS Flow. However, if not available (i.e. ECN marking for L4S is not supported in both, target NG-RAN and target PSA UPF), AF should be notified when ECN marking for L4S had been enabled for the QoS Flow based on AF request.
* * * * Second change * * * *
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 instructed be configured, to, based on either dynamic or predefined PCC Rule, to provide an indication for ECN marking for L4S to NG-RAN for a corresponding QoS Flow(s) in UL or/and DL directions., but iIn the absence of such configuration PCC rule instruction the use of L4S ECN marking for L4S in NG-RAN 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.
In the case of inter NG-RAN UE mobility, if the ECN marking for L4S has been enabled on source NG-RAN, but the target NG-RAN does not support ECN marking for L4S, then the SMF may, if supported, enable ECN marking for L4S in PSA UPF as defined in clause 5.37.3.3.
* * * * Third change * * * *
[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.
The SMF may be instructed, based on either dynamic or predefined PCC Rule, to provide an indication for ECN marking for L4S to PSA UPF for a corresponding QoS Flow(s) in UL or/and DL directions. 
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.
NOTE:	How the congestion information is converted to ECN markings is UPF implementation specific.
The criteria based on which NG-RAN decides to provide the congestion information is up to NG-RAN implementation.
In the case of PSA UPF relocation, if the ECN marking for L4S has been enabled on source PSA UPF SMF should select a target PSA UPF supporting ECN marking for L4S. If the target PSA UPF does not support ECN marking for L4S, then SMF may, if supported, switch to ECN marking for L4S in target NG-RAN by following clause 5.37.3.2. In such case, the target NG-RAN stops sending congestion information to the target PSA UPF.
In the case of inter NG-RAN UE mobility, and if the congestion information reporting has been enabled on source NG-RAN while the target NG-RAN does not support congestion information reporting, then the SMF shall inform PSA UPF to stop ECN marking for L4S. The SMF may, if supported, switch to ECN marking for L4S in NG-RAN by following clause 5.37.3.2. For a given QoS Flow, if the target NG-RAN supports congestion information reporting, the target NG-RAN shall report congestion information to UPF once it is available.
* * * * End of changes * * * *

