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1 Introduction
The contribution discusses RAN3’s impact to support ECN marking for L4S to expose the congestion information considering SA2’s agreements.
2 Discussion
Background of ECN marking for L4S
The functionality given by the ECN field in the IP packet header with two bits, making four ECN codepoints, ‘00’ to ‘11’. The ECN-Capable Transport (ECT) code point ‘10’ and ‘01’ are set by the data sender to indicate that the endpoints of the transport protocol are ECN-capable; we call them ECT (0) and ECT (1) respectively as specified in rfc3168. 
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The overview procedure of ECN marking is provided as below:
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Figure 1. example of ECN marking 
-	Step 1: negotiation over transport protocol if senser and receiver are both ECN capable. The sender marks ECT(0) or ECT(1) in IP header of the transmitted packets
-	Step 2: For UL congestion, NG-RAN (i.e., router) marks UL packets in IP header with Congestion Experience (CE). For DL congestion, NG-RAN marks DL packets the same way
-	Step 3: For UL congestion, App server sends an ECN-Echo (ACK packet with ECN-Echo flag in the TCP header) to the UE. For DL congestion. UE sends an ECN-Echo to the app server 
-	Step 4: upon receiving the ECN-Echo, the sender knows that a congestion happens on the path from the sender to the receiver. The sender can inform the receiver that the congestion window has been reduced by setting the Congestion Window Reduced (CWR) flag in the TCP header. 
ECN marking for L4S in NG-RAN 
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 indication should for UL only, DL only or both UL and DL. 
SMF indicates which QoS flow is configured for ECN marking for L4S of UL and/or DL in NG-RAN to NG-RAN node.
According to SA2’s agreements [1], NG-RAN node should provide the indication of established QoS Flows status (active/not active) for ECN marking for L4S to SMF.
NG-RAN node provides the indication of established QoS Flows status (active/not active) for ECN marking for L4S to SMF
For ECN marking in NG-RAN, in case of NR-DC, there are some bearers are carried by two legs i.e., both MCG and SCG. For example, for split bearer, the bearer can be carried by MCG and SCG from MN and SN respectively, which is a PDCP terminated node and the other is peer node. Since the ECN bits is marked in the IP header of the user IP packets, the peer node is not able to mark ECN bits since the packets has been encrypted by PDCP layer as a PDCP PDU. For example, for MN terminated split bearer, the SN cannot do ECN marking in the IP header of user IP since PDCP PDUs are transmitted between SN and UE. One of possible solution is the peer node provides a ECN marking assistance information to the PDCP terminated node. The ECN marking assistance information can be a ratio or percentage of packets that to be marked with ECN bits for the data transmission by the peer node for both UL and DL. Then the PDCP terminated node perform ECN marking for L4S considering congestion status of both nodes.
For SN terminated bearer, the MN needs to send the ECN marking for L4S of the QoS flow to the SN. And then SN can perform ECN marking for L4S in the user IP header.
In NR-DC, the peer node provides ECN marking assistance information (e.g., a percentage of packets that PDCP terminated node uses for ECN marking for L4S) to the PDCP terminated node so that the PDCP terminated node can perform ECN marking for the QoS flow.
In case of CU-DU split case, the ECN marking should be performed in gNB-CU. But the gNB-CU is not aware of the congestion status in the gNB-DU which is charging of scheduling of the DRB. The gNB-DU needs also to provides the ECN marking assistance information (a percentage of packets that gNB-CU uses for ECN marking for L4S) to the gNB-CU so that the gNB-CU can perform ECN marking for the QoS flow. The ECN marking assistance information can be provide in ‘RAN container’ GTP-U extension header.
gNB-DU provides ECN marking assistance information (e.g., a percentage of packets that gNB-CU uses for ECN marking for L4S) to the gNB-CU so that the gNB-CU can perform ECN marking for the QoS flow.
ECN marking for L4S in 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.
According to SA2’s agreements [1], NG-RAN node should provide SMF that the indication of established QoS Flows status (active/not active) for reporting the congestion information for ECN marking for L4S in UPF.
For NR-DC and CU/DU split cases, the proposal 2 and proposal 3 are also be applied to ECN marking for L4S in UPF.
SMF indicates NG-RAN node to report the congestion information (i.e. a percentage of packets that UPF uses for ECN marking for L4S) of a QoS Flow on UL and/or DL to PSA UPF.
NG-RAN node provides SMF that the indication of established QoS Flows status (active/not active) for reporting the congestion information for ECN marking for L4S in UPF.
NG-RAN node provides the congestion information of UL/DL in the ‘PDU Session container’ GTP-U extension header to PSA UPF.
ECN marking for L4S during handover
In case of handover, data forwarding may be performed to avoid data loss:
-	the source gNB may forward DL fresh data (either PDCP SDU or SDAP SDU) to the target gNB;
-	the source gNB may also forward all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE.
-	the source gNB may also forward the uplink PDCP SDUs with their SN corresponding to PDCP PDUs received out of sequence.
For these forwarded data, the ECN bits may have been marked due to congestion in source gNB. But there is non-congestion in target gNB, in which ECN bits of these data should not been marked. Then RAN3 needs to discuss how to handle the marked ECN bits of the forwarded data.
RAN3 discusses how to handle the marked ECN bits of the data that are forwarded from source gNB to target gNB if the target gNB is not congested.
3	Conclusion
The contribution discusses RAN3’s impact to support ECN marking for L4S to expose the congestion information considering SA2’s agreements
1. SMF indicates which QoS flow is configured for ECN marking for L4S of UL and/or DL in NG-RAN to NG-RAN node.
1. NG-RAN node provides the indication of established QoS Flows status (active/not active) for ECN marking for L4S to SMF
1. In NR-DC, the peer node provides ECN marking assistance information (e.g., a percentage of packets that PDCP terminated node uses for ECN marking for L4S) to the PDCP terminated node so that the PDCP terminated node can perform ECN marking for the QoS flow.
1. gNB-DU provides ECN marking assistance information (e.g., a percentage of packets that gNB-CU uses for ECN marking for L4S) to the gNB-CU so that the gNB-CU can perform ECN marking for the QoS flow.
1. SMF indicates NG-RAN node to report the congestion information (i.e. a percentage of packets that UPF uses for ECN marking for L4S) of a QoS Flow on UL and/or DL to PSA UPF.
1. NG-RAN node provides SMF that the indication of established QoS Flows status (active/not active) for reporting the congestion information for ECN marking for L4S in UPF.
1. NG-RAN node provides the congestion information of UL/DL in the ‘PDU Session container’ GTP-U extension header to PSA UPF.
1. RAN3 discusses how to handle the marked ECN bits of the data that are forwarded from source gNB to target gNB if the target gNB is not congested.
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Figure 1: The ECN Field in IP.
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