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1 Introduction
A new work item has been approved on XR.
This work has been initiated by SA2 and as part of it, discussions on L4S (Low Latency Low Loss Scalable Throughput) have been carried out. SA2 has converged on specifications that outline support for L4S in TS23.501. At the same time, some of the information needed to enable L4S is also used for external network exposure.
For convenience, the text specified in TS23.501 concerning L4S and Network Exposure is reported below:

Start of Excerpt from TS23.501
[bookmark: _Toc138309678][bookmark: _Toc138309681]5.37	Support for high data rate low latency services, eXtended Reality (XR) and interactive media services
[…]
[bookmark: _Toc145936255]5.37.3	Support of ECN marking for L4S to expose the congestion information
[bookmark: _CR5_37_3_1][bookmark: _Toc145936256]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.
[bookmark: _CR5_37_3_2][bookmark: _Toc145936257]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, 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. In the absence of such PCC rule instruction the use of 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.
[bookmark: _CR5_37_3_3][bookmark: _Toc145936258]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.
[bookmark: _CR5_37_4][bookmark: _Toc145936259]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 expose the following information based on the QoS Monitoring as defined in clause 5.33.3 and/or clause 5.45:
-	For the UL and/or DL congestion information monitoring (see clause 5.45.3), based on the PCC rule from PCF, the SMF requests the NG-RAN to report the information via GTP-U header to PSA UPF This NG-RAN reported information is common to support congestion information exposure and to support ECN marking for L4S in PSA UPF as described in clause 5.37.3.3. In the case of congestion information exposure, the PSA UPF exposes the UL and/or DL congestion information via Nupf_EventExposure service or via SMF/PCF/NEF as described in clause 5.8.2.18. It can be applied to a Non-GBR or GBR QoS flow.
-	Data rate information of UL and/or DL for the QoS flow 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.
-	For 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, it is determined based on the QoS Monitoring for packet delay of individual QoS Flows 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.
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.

End of Excerpt from TS23.501

The first thing to notice is that L4S functionalities are classified in SA2 within a section called “Support for high data rate low latency services, eXtended Reality (XR) and interactive media services”. Namely, L4S is a feature that does not apply only to eXtended Reality (XR) services, but it applies to high data rate low latency services and interactive media services too. 
At RAN3-121 discussions on L4S were rather limited. However, one agreement RAN3 took was on the TP in R3-234651. In this TP, a new section called “16.X.5	NG-RAN Congestion Reporting and ECN marking” was placed under a more general section named “16.X	eXtended Reality Services”.
We would like to point out that such classification is incorrect because L4S (which is based on ECN marking) and congestion information exposure from the NG-RAN are not necessarily linked to XR. In today´s networks in fact, ECN marking is used for services that are not XR, such as video streaming services. Hence the following proposal can be derived:

Proposal 1: ECN Marking for L4S and congestion information exposure can be applied to any high data rate and low latency service. Hence, create in TS38.300 a section on “ECN marking for L4S and congestion information exposure” outside of the section on “eXtended Reality Services” 

In order to provide support to the functionalities SA2 has specified, RAN3 should address the following topics:
1) Activation/Deactivation on a per QoS Flow of ECN marking for L4S at the NG-RAN
a. Address the cases of split NG-RAN and non-split NG-RAN
2) Activation/Deactivation on a per QoS Flow of assistance information reporting from NG-RAN to UPF to enable ECN marking for L4S at the UPF
a. Address the cases of split NG-RAN and non-split NG-RAN
3) Activation/Deactivation on a per QoS Flow of congestion information exposure from NG-RAN to UPF
a. Address the cases of split NG-RAN and non-split NG-RAN
4) Activation/Deactivation on a per DRB of assistance information reporting from gNB-DU to gNB-CU for ECN marking for L4S at NG-RAN

2 Discussion
2.1 Per QoS Flow Activation of L4S at NG-RAN, L4S assistance information reporting and congestion exposure information
These first three topics have been grouped together because their support can be achieved at protocol level via a single IE signalled on a per QoS Flow level.
Indeed, the procedure would consist of the AMF to signal to the NG-RAN that one of the following actions has to be triggered on a per QoS Flow level:
1) Activate/Deactivate ECN marking for L4S, in case of ECN marking for L4S at NG-RAN 
2) Activate/Deactivate signalling of assistance information reporting from NG-RAN to UPF to enable ECN marking for L4S at UPF
3) Activate/Deactivate congestion information exposure from NG-RAN to UPF

The problem is further simplified by the decision taken by SA2 that L4S assistance information and congestion exposure information signalled from the NG-RAN to the UPF are identical, namely they can be mapped to the same IE. This is stated in the following excerpt from TS23.501:

For the UL and/or DL congestion information monitoring (see clause 5.45.3), based on the PCC rule from PCF, the SMF requests the NG-RAN to report the information via GTP-U header to PSA UPF This NG-RAN reported information is common to support congestion information exposure and to support ECN marking for L4S in PSA UPF as described in clause 5.37.3.3.
Further, TS23.501 states that:
“Only one of ECN marking for L4S (in the case of ECN marking for L4S in RAN as described in clause 5.37.3) or QoS monitoring of congestion information may be requested to NG-RAN for a QoS Flow. They are mutually exclusive, therefore, measurements of Congestion information on a QoS Flow are not provided in QoS Monitoring reports if SMF enables ECN marking for L4S in RAN (see clause 5.37.3).”
Namely, the above text implies that the indication from 5GC to NG-RAN can either imply activation of ECN marking for L4S in NG-RAN or reporting of congestion information, which, as stated above, consist of the same information needed to support ECN marking for L4S at the UPF. As the information exposed by the RAN towards the UPF consists of a percentage of packets to be ECN marked, we call this information “assistance information for ECN marking for L4S”.
Therefore, the problem reduces to signalling from the AMF to the NG-RAN of an IE that indicates, per QoS Flow, activation/deactivation of 
· either ECN marking for L4S at the NG-RAN, or 
· assistance information reporting from NG-RAN to UPF to support ECN marking for L4S. This signalling enables both ECN marking for L4S at the UPF and congestion information exposure.

Proposal 2: The NGAP needs to be enhanced with one new IE that enables the activation/deactivation per QoS Flow of either ECN marking for L4S at the NG-RAN, or of ECN marking for L4S assistance information reporting from NG-RAN to UPF
ECN marking for L4S at the NG-RAN involves the gNB-CU-UP. Similarly, ECN marking for L4S assistance information reporting from NG-RAN to UPF involves the gNB-CU-UP. Therefore, the activation/deactivation indication received at the gNB-CU-CP over NGAP shall be propagated via the E1 interface to the gNB-CU-UP.
[bookmark: _Hlk141973345]Proposal 3: The E1AP needs to be enhanced with support for the forwarding from gNB-CU-CP to gNB-CU-UP of the new IE that enables per QoS Flow activation/deactivation of either ECN marking for L4S at the NG-RAN or reporting of ECN marking for L4S assistance information from NG-RAN to UPF
Further, it should be observed that knowledge of ECN marking for L4S information resides at the gNB-DU. To understand this, we can recall the definitions in TS23.501:

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.

Namely, the gNB-DU is aware of how congested a radio bearer serving a given QoS flow is. Accordingly, the gNB-DU should be the node responsible to signal to the gNB-CU-UP information that enables appropriate ECN marking for L4S. 
In line with this logic, the F1-C interface should be enhanced to enable the gNB-CU-CP to activate/deactivate ECN marking for L4S assistance information reporting from gNB-DU to gNB-CU-UP. 
Proposal 4: The F1AP needs to be enhanced with one new IE that enables the activation/deactivation of ECN marking for L4S assistance information reporting from gNB-DU to gNB-CU-UP

Another aspect mentioned in TS23.501 is the following:
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.
The above implies that mobility signalling over XnAP and NGAP needs to be enhanced to include a per QoS Flow IE that enables the activation of either ECN marking for L4S at the NG-RAN, or of ECN marking for L4S assistance information reporting from NG-RAN to UPF.
Proposal 5: The NGAP and XnAP mobility procedures need to be enhanced with one new IE that enables the activation at the target NG-RAN per QoS Flow of either ECN marking for L4S at the NG-RAN, or of ECN marking for L4S assistance information reporting from NG-RAN to UPF

Yet another aspect that can be appreciated from the description in TS23.501 is the assumption that, if the NG-RAN is not able to support ECN marking for L4S or ECN marking for L4S assistance information reporting, the NG-RAN is assumed to notify the CN of such lack of support. If we look at proposals 1 to 4 above, this implies that 
1) The NGAP needs to be enhanced with an indication from NG-RAN to AMF stating that ECN marking for L4S or ECN marking for L4S assistance information reporting is not supported. 
2) The E1AP needs to be enhanced with an indication from gNB-CU-UP to gNB-CU-CP stating that ECN marking for L4S or ECN marking for L4S assistance information reporting is not supported 
3) The F1AP needs to be enhanced with an indication from gNB-DU to gNB-CU-UP stating that ECN marking for L4S assistance information reporting is not supported 

Proposal 6: The NGAP needs to be enhanced with an indication from NG-RAN to AMF stating that ECN marking for L4S or ECN marking for L4S assistance information reporting is not supported
Proposal 7: The E1AP needs to be enhanced with an indication from gNB-CU-UP to gNB-CU-CP stating that ECN marking for L4S or ECN marking for L4S assistance information reporting is not supported
Proposal 8: The F1AP needs to be enhanced with an indication from gNB-DU to gNB-CU-CP stating that ECN marking for L4S assistance information reporting is not supported

2.2 Support of L4S assistance information reporting from gNB-DU to gNB-CU for L4S at NG-RAN

As described in Section 2.1, the gNB-DU is the NG-RAN node holding key information to enable support of ECN marking for L4S. If we therefore consider the case of ECN marking for L4S at the NG-RAN, we need to cater for mechanisms where the gNB-DU provides information to the gNB-CU-UP on how to perform ECN marking for L4S.
In fact, ECN marking is a process applied to IP packets. For this reason, the only node that can apply ECN marking at the RAN is the gNB-CU-UP, which handles IP packets encapsulation into PDCP or into GTP-U, depending on the traffic direction (DL or UL). As the gNB-DU is the node aware of congestion status over the air, the gNB-DU needs to signal ECN marking for L4S assistance information to the gNB-CU-UP in order for the gNB-CU-UP to apply appropriate ECN marking. 
Such information needs to be signalled over the F1-U for UL and DL (as ECN marking needs may be different in UL and DL).
Proposal 9: The F1-U needs to be enhanced with ECN marking for L4S assistance information for UL and DL, signalled from the gNB-DU to the gNB-CU-UP and allowing the gNB-CU-UP to apply the appropriate ECN marking for L4S in case of ECN marking for L4S at the NG-RAN
A simple and convenient way to define the information the gNB-DU should signal to the gNB-CU-UP is to enable the gNB-DU to signal the percentage of packets to be ECN marked. This can be interpreted as a marking probability, which the gNB-CU-UP could use to decide which packets to mark. For example, if the percentage of packets to be ECN marked in UL is set to 50%, the gNB-CU-UP should interpret this information as a recommendation to mark half of the UL IP packets with the ECN flag.
Proposal 10: To support ECN marking for L4S at the NG-RAN, it is proposed to add new information signalled from the gNB-DU to the gNB-CU-UP over the F1-U interface, to indicate the UL and DL percentage of packets to be ECN marked
An example of how the enhancements in Proposal 10 can be achieved is shown below, where changes to TS38.425 are shown. It should be pointed out that in the implementation shown as example, the ECN marking percentage has been represented as a percentage with up to two decimal points. This is because, for high throughput services, the amount of packets transferred is very high and an ECN marking percentage without decimal points would be too coarse to enable proper control of ECN marking.
Start of Changes
[bookmark: _Toc13919467][bookmark: _Toc36556053][bookmark: _Toc45832995][bookmark: _Toc64447474][bookmark: _Toc98405661][bookmark: _Toc112762065][bookmark: _Toc120033610]5.5.2.3	ASSISTANCE INFORMATION DATA (PDU Type 2)
This frame format is defined to allow the node hosting the PDCP entity to receive assistance information.
The following shows the respective ASSISTANCE INFORMATION DATA frame.
NOTE 1:	All information elements defined in Figure 5.5.2.3-1 are also applicable to E-UTRA PDCP unless specified otherwise in section 5.5.3.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=2)
	PDCP Dupl. Ind. 
	Assistance Info. Ind.
	UL Delay Ind.
	DL Delay Ind.
	1

	Spare
	ECN marking percentage ind. UL
	[bookmark: _Hlk141980809]ECN marking percentage ind. DL
	PDCP Duplication Activation Suggestion 
	1

	Number of Assistance Information Fields
	0 or 1

	Assistance Information Type
	0 or  (2*Number of Assistance Info Fields  + sum of Number of octets for Radio Quality Assistance Information Fields)

	Number of octets for Radio Quality Assistance Information Fields
	

	Radio Quality Assistance Information
	

	UL Delay DU Result
	0 or 4

	DL Delay DU Result
	0 or 4

	ECN Marking Percentage UL
	0 or 1

	ECN Marking Percentage DL
	0 or 1



Figure 5.5.2.3-1: ASSISTANCE INFORMATION DATA (PDU Type 2) Format
Next Change

[bookmark: _Toc98405663][bookmark: _Toc112762067][bookmark: _Toc120033612]5.5.3.x1	ECN marking percentage Indication UL
Description: This field indicates the presence of the ECN Marking Percentage UL. 
Value range: {0 = ECN Marking Percentage UL not present, 1= ECN Marking Percentage UL present}.
Field length: 1 bit.
5.5.3.x2	ECN marking percentage Indication DL
Description: This field indicates the presence of the ECN Marking Percentage DL. 
Value range: {0 = ECN Marking Percentage DL not present, 1= ECN Marking Percentage DL present}.
Field length: 1 bit.

5.5.3.y	ECN marking percentage UL 
Description: This field indicates the percentage of UL IP packets up to two decimal points that should be ECN marked. As an example, value 9574 corresponds to a percentage of 95.74%. 
Value range: {0..10000}.
Field length: 1 octet.
5.5.3.z	ECN marking percentage DL 
Description: This field indicates the percentage of DL IP packets that should be ECN marked. 
Value range: {0..10000}.
Field length: 1 octet.
End of Changes

2.3 Definition of the ECN marking for L4S assistance information and congestion exposure information reported from NG-RAN to UPF

TS23.501 describes the following:

Start of Excerpt from TS23.501
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.
End of Excerpt from TS23.501

Therefore, the gNB-CU-UP should be able to signal to the UPF, over the NG-U, information concerning the “percentage of packets that UPF uses for ECN marking for L4S”. As discussed above, this information should originate at the gNB-DU, because the gNB-DU holds information about the congestion status over the air. For this reason, the information signalled over NG-U from gNB-CU-UP to UPF can be identical to the information signalled from gNB-DU to gNB-CU-UP over F1-U (as defined in Section 2.2).
We also note that TS23.501 states that the information signalled from gNB-CU-UP to UPF “is common to support congestion information exposure and to support ECN marking for L4S in PSA UPF”. We note that the  “percentage of packets that UPF uses for ECN marking for L4S” can serve both purposes listed in TS23.501, i.e. congestion information exposure and ECN marking for L4S in PSA UPF. For this reason, the following is proposed:
Proposal 11: To support ECN marking for L4S at UPF and congestion information exposure, it is proposed to add new information signalled from the gNB-CU-UP to the UPF over the NG-U interface, to indicate the UL and DL percentage of packets to be ECN marked
An example of how the enhancements in Proposal 10 can be achieved is shown below, where changes to TS38.415 are shown:
Start of Changes

[bookmark: _Toc534727728][bookmark: _Toc36555203][bookmark: _Toc45882572][bookmark: _Toc51762881][bookmark: _Toc64446361][bookmark: _Toc88652280][bookmark: _Toc98402296]5.5.2.2	UL PDU SESSION INFORMATION (PDU Type 1)
This frame format is defined to allow the UPF to receive some control information elements which are associated with the transfer of a packet over the interface.
The following shows the respective UL PDU SESSION INFORMATION frame.

	[bookmark: _Hlk44683242]Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	QMP
	DL Delay Ind.
	UL Delay Ind.
	SNP
	1

	N3/N9 Delay Ind.
	New IE Flag
	QoS Flow Identifier 
	1

	DL Sending Time Stamp Repeated
	0 or 8

	DL Received Time Stamp
	0 or 8

	UL Sending Time Stamp
	0 or 8

	DL Delay Result
	0 or 4

	UL Delay Result
	0 or 4

	UL QFI Sequence Number
	0 or 3

	N3/N9 Delay Result
	0 or 4

	New IE flag 7(E)
	New IE Flag 6
	New IE Flag 5
	New IE Flag 4
	New IE Flag 3
	New IE Flag 2
	New IE Flag 1
	New IE Flag 0
	0 or 1
New IE
Flags
Octet

	Spare
	ECN marking percentage ind. UL
	ECN marking percentage ind. DL
	D1 UL PDCPDelay  Result Ind
	0 or 1

	ECN Marking Percentage UL
	0 or 1

	ECN Marking Percentage DL
	0 or 1

	Padding 
	0-3



Figure 5.5.2.2-1: UL PDU SESSION INFORMATION (PDU Type 1) Format
The New IE Flag in bit 6 of 2nd octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the first octet of New IE Flags Octet is present or not.
Bit 0 of New IE Flags Octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the D1 UL PDCP Delay Result Ind is present (1) or not (0)
Next Change

5.5.3.x1	ECN marking percentage Indication UL
Description: This field indicates the presence of the ECN Marking Percentage UL. 
Value range: {0 = ECN Marking Percentage UL not present, 1= ECN Marking Percentage UL present}.
Field length: 1 bit.
5.5.3.x2	ECN marking percentage Indication DL
Description: This field indicates the presence of the ECN Marking Percentage DL. 
Value range: {0 = ECN Marking Percentage DL not present, 1= ECN Marking Percentage DL present}.
Field length: 1 bit.

5.5.3.y	ECN marking percentage UL 
Description: This field indicates the percentage of UL IP packets up to two decimal points that should be ECN marked. As an example, value 9574 corresponds to a percentage of 95.74%. 
Value range: {0..10000}.
Field length: 1 octet.
5.5.3.z	ECN marking percentage DL 
Description: This field indicates the percentage of DL IP packets that should be ECN marked. 
Value range: {0..10000}.
Field length: 1 octet.
End of Changes

Conclusion
In this paper the specifications agreed in SA2 on ECN marking for L4S were analysed and proposals were derived to support SA2’s specifications in TS23.501. The following proposals are put up for agreements in RAN3:
Proposal 1: ECN Marking for L4S and congestion information exposure can be applied to any high data rate and low latency service. Hence, create in TS38.300 a section on “ECN marking for L4S and congestion information exposure” outside of the section on “eXtended Reality Services” 
Proposal 2: The NGAP needs to be enhanced with one new IE that enables the activation/deactivation per QoS Flow of either ECN marking for L4S at the NG-RAN, or of ECN marking for L4S assistance information reporting from NG-RAN to UPF
Proposal 3: The E1AP needs to be enhanced with support for the forwarding from gNB-CU-CP to gNB-CU-UP of the new IE that enables per QoS Flow activation/deactivation of either ECN marking for L4S at the NG-RAN or reporting of ECN marking for L4S assistance information from NG-RAN to UPF
Proposal 4: The F1AP needs to be enhanced with one new IE that enables the activation/deactivation of ECN marking for L4S assistance information reporting from gNB-DU to gNB-CU-UP
Proposal 5: The NGAP and XnAP mobility procedures need to be enhanced with one new IE that enables the activation at the target NG-RAN per QoS Flow of either ECN marking for L4S at the NG-RAN, or of ECN marking for L4S assistance information reporting from NG-RAN to UPF
Proposal 6: The NGAP needs to be enhanced with an indication from NG-RAN to AMF stating that ECN marking for L4S or ECN marking for L4S assistance information reporting is not supported
Proposal 7: The E1AP needs to be enhanced with an indication from gNB-CU-UP to gNB-CU-CP stating that ECN marking for L4S or ECN marking for L4S assistance information reporting is not supported
Proposal 8: The F1AP needs to be enhanced with an indication from gNB-DU to gNB-CU-CP stating that ECN marking for L4S assistance information reporting is not supported
Proposal 9: The F1-U needs to be enhanced with ECN marking for L4S assistance information for UL and DL, signalled from the gNB-DU to the gNB-CU-UP and allowing the gNB-CU-UP to apply the appropriate ECN marking for L4S in case of ECN marking for L4S at the NG-RAN
Proposal 10: To support ECN marking for L4S at the NG-RAN, it is proposed to add new information signalled from the gNB-DU to the gNB-CU-UP over the F1-U interface, to indicate the UL and DL percentage of packets to be ECN marked
Proposal 11: To support ECN marking for L4S at UPF and congestion information exposure, it is proposed to add new information signalled from the gNB-CU-UP to the UPF over the NG-U interface, to indicate the UL and DL percentage of packets to be ECN marked


It is proposed to agree to the following TPs mirroring the proposals in this paper:
· R3-235684, TP for TS38.300
· R3-235685, TP for TS38.415
· R3-235686, TP for TS38.425
· R3-235687, TP for TS38.473
· R3-235688, TP for TS38.413

