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[bookmark: OLE_LINK1]1	Introduction
[bookmark: OLE_LINK34]We made the following progress at the RAN3#121 meeting.
	· Add the ECN Marking Request indicator or the information used to request congestion monitoring over NGAP, XnAP, and E1AP. The granularity over interfaces can be further checked.
· Add the information used to request congestion monitoring over F1AP. 
· NG-RAN node provides the indication whether the QoS Flow is established with ECN marking request or congestion monitoring request activated or not activated over NGAP, F1AP and E1AP. FFS on XnAP. 
RAN3 agrees to address SA case with the first priority.
For TS 38.415 (PDU TYPE 1) and TS 38.425 (PDU TYPE 2) , two new presence flags are needed. FFS on the details (names and descriptions).
There is a single piece of information produced by NG-RAN to address ECN marking for L4S at UPF and congestion information exposure.
Agree the basic structure in the SoD for the request IE for XnAP, NGAP and E1AP to transfer the request.
For F1AP, only one information request IE is needed. FFS on the IE name. 
Add the request IE in the same level of the QoS Flow Level QoS Parameters IE.
Agree the basic structure in the SoD for the feedback IE. FFS whether separate feedback IEs are needed for uplink and downlink.
Work on open issues, stage2 and stage3 details.



This paper further discusses on ECN marking and PDU Set discard of XR enhancements.
2	Discussion
[bookmark: OLE_LINK12][bookmark: OLE_LINK21]2.2	ECN marking
2.2.1	Congestion information reporting
At the last meeting, it is still FFS on the following issue.
For information to be reported over the user plane, down select the following two options:
Option 1: make the contents of these IE to be the percentage of IP packets that should be ECN marked in uplink and downlink
Option 2: make the contents of these IE to be the percentage of congestion level in uplink and downlink
TS 23.501 has specified the following contents.
	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.
[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.


[bookmark: OLE_LINK3][bookmark: OLE_LINK5]According to the above contents, it is clear that to support ECN marking for L4S in UPF or network exposure, NG-RAN needs to report congestion information, which is the percentage of packets that should be ECN marked.
[bookmark: OLE_LINK8][bookmark: OLE_LINK6]Observation 1: TS 23.501 specifies that to support ECN marking for L4S in UPF or network exposure, NG-RAN needs to report congestion information, which is the percentage of packets that should be ECN marked.
If congestion level percentage is used, this may cause IoT issue since vendors may have different understanding of how to calculate the congestion level percentage.
Observation 2: Define congestion information as a congestion level percentage may cause IoT issue.
[bookmark: OLE_LINK7][bookmark: OLE_LINK14]In addition, we have agreed to use a single piece of information produced by NG-RAN to address ECN marking for L4S at UPF and congestion information exposure. If the congestion level percentage is used, then it is unclear how to map the congestion level percentage to the percentage of packets that should be ECN marked. But If the percentage of packets that should be ECN marked is used, the congestion level can be reflected by it.
[bookmark: OLE_LINK15]Observation 3: It is unclear how to map the congestion level percentage to the the percentage of packets that should be ECN marked if the congestion level percentage is used as the congestion information.
Observation 4: The percentage of packets that should be ECN marked can be used to reflect congestion level.
Proposal 1: The congestion information reported by NG-RAN is the percentage of packets that should be ECN marked.
Since the congestion information is used for both ECN marking for L4S at UPF and congestion information exposure, we prefer to use a generic IE name, e.g. DL/UL Congestion Information. Description can be added in the IE description part to indicate that UL/DL congestion information is a percentage of packets that should be ECN marked.
Proposal 2: Use a generic IE name for congestion information, e.g. DL/UL Congestion Information
Proposal 3: Add description in the IE description part to indicate that UL/DL congestion information is a percentage of packets that should be ECN marked.
To keep align with the IE names for user plane, the request and response IE names in the NGAP should be ECN Marking or Congestion Monitoring Request and ECN Marking or Congestion Monitoring Reporting Status.
[bookmark: _GoBack]Proposal 4: Use ECN Marking or Congestion Monitoring Request and ECN Marking or Congestion Monitoring Reporting Status IE as the request and response IE names  correspondingly in the NGAP.
2.2.2	Reporting frequency/threshold
At the last meeting, the following issue remains open.
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]Whether the SMF sends the reporting frequency/threshold along with the request to RAN? Or the RAN reports updates every time the calculated percentage is different from the last signaled value?
As analyzed above, the reporting information is used for ECN marking for L4S in UPF or network exposure. For network exposure, the 5GS can expose the congestion information based on the AF request, and there is no clear requirements on reporting frequency or threshold. To ensure a better user experience, a frequent reporting at RAN side would be beneficial. Letting RAN reports updates every time the calculated percentage is different from the last signaled value achieves a good trade-off between reporting burden and user experience.
Proposal 5: RAN reports updates every time the calculated percentage is different from the last signaled value.
2.2.3	Response IE design
[bookmark: OLE_LINK13][bookmark: OLE_LINK11]At the meeting, it is FFS whether separate feedback IEs are needed for uplink and downlink. For the request IE, there are four codepoints including ul, dl, both, and stop. This indicates that only uplink or downlink ECN marking or congestion monitoring can be activated at the RAN side.
Observation 4: Either uplink or downlink ECN marking or congestion monitoring can be activated at the RAN side when the SMF only requests single direction activation.
When the SMF requests for both uplink and downlink activation, RAN can decide whether to activate both directions or either one of them.
Proposal 6: Use separate feedback IEs for uplink and downlink
[bookmark: OLE_LINK17]2.2	Discard operation
RAN2 has made the following agreements regarding UL discard operation.
1. We will use a discard timer mechanism for the low importance PDU set. We will allow a value of zero for the timer. The running discard timers are not changed.
2. It is up to UE implementation to determine which PSI levels will apply the discard mechanism 
3. the gNB signals an activation/deactivation indication (e.g. when congestion situation is detection)
4. activation/deactivation is signaled using an ON/OFF mechanism on a per UE basis. Introduce new MAC CE.
For UL, the UE makes decisions on the discard operation based on the discard timer mechanism. The CU configures the discard timer for the UE, but it is the DU that sends the activation/deactivation indicator to the UE via the MAC CE to activate the discard timer when the DU detects congestion. Therefore, it is necessary to let the DU know that the a discard timer is configured for the UE.
[bookmark: OLE_LINK4]Observation 5: The CU configures the discard timer for the UE.
Observation 6: The DU sends the the activation/deactivation indicator to the UE via the MAC CE to activate the discard timer.
Proposal 7: The CU should notify the DU if a discard timer is configured for the UE.
Since the discard timer configuration is included in the RRCReconfiguration message, therefore a new indicator is needed in the DL RRC message transfer message to notify the DU that a discard timer is configured for the UE.
Proposal 8: Add a new indicator in the DL RRC message transfer message to notify the DU that a discard timer is configured for the UE.
For DL, the PDCP of the NG-RAN node can make decisions on the discard operation based on implementation. A possible situation is that the CU-UP has already buffered some packets in the DU before it detects the congestion. In such case, the CU-UP needs to inform the DU to discard some or all of the buffered packets to avoid the waste of radio resources, otherwise the DU will still deliver the buffered packets to the UE. According to current TS 38.425, this function is already supported.
Observation 7: A possible situation is that the CU-UP has already buffered some packets in the DU before it detects the congestion. In such case, the CU-UP needs to inform the DU to discard some or all of the buffered packets to avoid the waste of radio resources, otherwise the DU will still deliver the buffered packets to the UE.
Observation 8: According to current TS 38.425, this function is already supported. Thus, no enhancement is needed to support DL discard operation.
During Handover, a case that may need enhancement is that if the PDU set discard operations is not finished by the source NG-RAN node, the source NG-RAN node needs to transfer the corresponding information to the target NG-RAN node to let the target NG-RAN node finish the discard operation. Therefore, RAN3 needs to discuss how to support the target NG-RAN node finish the discard operation in such case.
Observation 9: During Handover, if the PDU set discard operations is not finished by the source NG-RAN node, the source NG-RAN node needs to transfer corresponding information to the target NG-RAN node to let the target NG-RAN node finish the discard operation.
Proposal 9: RAN3 discusses what information needs to be transferred to the target NG-RAN node to support the target NG-RAN node finish the discard operation in handover case.
3	Conclusion
Based on above analysis, we provide the following observations and proposals.
Observation 1: TS 23.501 specifies that to support ECN marking for L4S in UPF or network exposure, NG-RAN needs to report congestion information, which is the percentage of packets that should be ECN marked.
Observation 2: Define congestion information as a congestion level percentage may cause IoT issue.
Observation 3: It is unclear how to map the congestion level percentage to the the percentage of packets that should be ECN marked if the congestion level percentage is used as the congestion information.
Observation 4: The percentage of packets that should be ECN marked can be used to reflect congestion level.
Proposal 1: The congestion information reported by NG-RAN is the percentage of packets that should be ECN marked.
Proposal 2: Use a generic IE name for congestion information, e.g. DL/UL Congestion Information
Proposal 3: Add description in the IE description part to indicate that UL/DL congestion information is a percentage of packets that should be ECN marked.
Proposal 4: Use ECN Marking or Congestion Monitoring Request and ECN Marking or Congestion Monitoring Reporting Status IE as the request and response IE names  correspondingly in the NGAP.
Proposal 5: RAN reports updates every time the calculated percentage is different from the last signaled value.
Observation 4: Either uplink or downlink ECN marking or congestion monitoring can be activated at the RAN side when the SMF only requests single direction activation.
Proposal 6: Use separate feedback IEs for uplink and downlink
Observation 5: The CU configures the discard timer for the UE.
Observation 6: The DU sends the the activation/deactivation indicator to the UE via the MAC CE to activate the discard timer.
Proposal 7: The CU should notify the DU if a discard timer is configured for the UE.
Proposal 8: Add a new indicator in the DL RRC message transfer message to notify the DU that a discard timer is configured for the UE.
Observation 7: A possible situation is that the CU-UP has already buffered some packets in the DU before it detects the congestion. In such case, the CU-UP needs to inform the DU to discard some or all of the buffered packets to avoid the waste of radio resources, otherwise the DU will still deliver the buffered packets to the UE.
Observation 8: According to current TS 38.425, this function is already supported. Thus, no enhancement is needed to support DL discard operation.
Observation 9: During Handover, if the PDU set discard operations is not finished by the source NG-RAN node, the source NG-RAN node needs to transfer corresponding information to the target NG-RAN node to let the target NG-RAN node finish the discard operation.
Proposal 9: RAN3 discusses what information needs to be transferred to the target NG-RAN node to support the target NG-RAN node finish the discard operation in handover case.

