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Abstract of the contribution: This paper proposes updates to resolve EN in solution #46 that is present in TR 23.700-60.
Discussion
It is proposed to resolve the open EN related to activating use of ECN for the purpose of L4S.
Proposal
It is proposed to add the following solution to TR 23.700-60.

*** Start of changes ***
6.46	Solution #46: Use of ECN marking for L4S for scalable congestion control and meet requirements for services
[bookmark: _Toc104883075]6.46.1	Key Issue mapping
This solution addresses the Key Issue #3: 5GS information exposure for XR/media Enhancements.
[bookmark: _Toc104883076]6.46.2	Description
This solution proposes that the 5G System uses ECN marking for the purpose of Low Latency, Low Loss and Scalable Throughput services (L4S [37]) when congestion is detected for uplink or downlink so that the application layer can trigger real-time and gradual rate adaptation of the real-time video encoder based on ECN feedback.
NOTE: This solution is applicable only in case UE and Application Server support ECN mechanism defined in RFC 8311 [36] and use protocols that support relaxed ECN feedback between UE and application server.
[bookmark: _Toc104883077]6.46.2.1	Use of ECN for Uplink
When the 5G System detects congestion in the uplink, it inserts ECN marking in the IP header that facilitates the application layer to provide feedback and do rate adaptation in the uplink (illustrated in figure 6.46.2.1-1). It is preferrable to perform the marking in the entity where congestion is detected.


Figure 6.46.2.1-1: ECN marking for Uplink – either in the UE or gNB
The congestion in the wireless uplink between UE and gNB can be detected and remedied via ECN marking by either the UE or the RAN. Either the gNB or the UE should be responsible for congestion detection. Otherwise, they could conflict. After this initial choice, several options are possible to bring the congestion information into the PDU IP header where it is further handled by the end-host to control the application's sending rate.


Figure 6.46.2.1-2: Congestion for uplink detected in the gNB
gNB is well positioned to have the overall view of congestion in the cell and overall queues that are building up in the UEs are visible in the gNB via buffer status reports. Following options are possible when the gNB handles congestion in the uplink (illustrated in figure 6.46.2.1-2):
1)	gNB translates congestion into ECN marks, sets immediately in the PDU IP header directly. This option does not impact the UE and the UPF.
NOTE: The criteria that RAN uses to perform the marking is up to RAN implementation.
Editor's note:	Whether RAN can support such a marking need to be coordinated with RAN WG.
2)	gNB transmits congestion information in the GTP-U header, which is transmitted over N3 to UPF, that translates congestion into ECN marks, which is finally set in the IP PDU header. This option will impact the UPF in addition.
3)	gNB translates congestion into ECN marks, sets in the outer IP header of the GTP-U tunnel, which is transmitted over N3 to UPF, which is finally transferring the ECN marks over to the IP PDU header towards N6. This option also impacts the UPF in addition.


Figure 6.46.2.1-3: Congestion for uplink detected in the UE
UE can also monitor congestion in the uplink radio bearers. This option can cause interactions between scheduler policies that use the buffer status reports which will be influenced (especially if kept "too" low) by the congestion control in the UE. This option impacts additionally the UE, and detection of uplink congestion is limited to the scope of the UE. Three options are possible for inserting ECN marking when the UE handles congestion in the uplink while two of them require gNB assistance (and potentially other nodes), which has further 3 options to carry the ECN marks into the final IP PDU header. (illustrated in figure 6.46.2.1-3):
1)	UE translates congestion into ECN marks, sets immediately in the PDU IP header.
2)	UE translates congestion into ECN marks, sets in the PDCP header, which is transmitted over NR-Uu to the gNB, and carried further over one of the three options 4, 5 or 6 for the gNB to forward the ECN marks over to the IP PDU header.
3)	UE translates congestion into ECN marks, sets in the RLC header, which is transmitted over NR-Uu to the gNB, and carried further over one of the three options 4, 5 or 6 for the gNB to forward the ECN marks over to the IP PDU header.
	If UE is transmitting the ECN marks in one of the lower layer headers (like options 2 and 3 above) additional network support is needed as in one of the following 3 options:
4)	gNB transfers the ECN marks, sets immediately in the PDU IP header.
5)	gNB transmits the ECN marks as congestion information in the GTP-U header, which is transmitted over N3 to UPF, which translates congestion into ECN marks, set finally in the IP PDU header.
6)	gNB transfers the ECN marks, set in the outer IP header of the GTP-U tunnel, which is transmitted over N3 to UPF, which finally transfers the ECN marks over to the IP PDU header towards N6.
In general, if functions are not marking packets directly in the PDU IP header, guarantees are needed that another function will do so before the intermediate header information is discarded and before the PDU IP packet is processed by the end system.
[bookmark: _Toc104883078]6.46.2.2	Use of ECN for Downlink
When the 5G System detects congestion in the downlink, it inserts ECN marking in the IP header that facilitates the application layer to provide feedback and do rate adaptation in the downlink (illustrated in figure 6.46.2.2-1). It is preferrable to perform the marking in the entity where congestion is detected.


Figure 6.46.2.2-1: ECN marking for Downlink
There are multiple options to do this (as illustrated in figure 6.46.2.2-2 below):
1)	gNB translates congestion into ECN marks, sets immediately in the PDU IP header. It should be noted that the gNB already has visibility to the PDU IP header for ROHC compression. This option does not impact the UE at all.
Editor's note:	Whether RAN can support such a marking need to be coordinated with RAN WG.
2)	gNB translates congestion into ECN marks, sets in the PDCP header, which is transmitted over NR-Uu to the UE, which finally copies the ECN marks over to the IP PDU header. This option supports a direct correlation between PDCP and IP packets.
3)	gNB translates congestion into ECN marks, sets in the RLC header, which is transmitted over NR-Uu to the UE, which finally copies the ECN marks over to the IP PDU header. With this option, congestion can be reported immediately where it occurs.
4)	gNB transmits congestion information as part of the uplink traffic in the GTP-U header, which is transmitted over N3 to UPF. The UPF translates congestion into ECN marks, set finally in the IP PDU header of subsequent downlink packets. This option impacts also UPF and will cause extra latency going backwards and forward again. This can cause an extra delay in congestion response of twice the link latency between gNB and UPF.
NOTE:	The criteria that RAN uses to perform the marking is up to RAN implementation.
In general, if functions are not marking packets directly in the PDU IP header, guarantees are needed that another function will do so before the intermediate header information is discarded and before the PDU IP packet is processed by the end system.


Figure 6.46.2.2-2: Solution options for ECN marking over Downlink
[bookmark: _Toc104883079]6.46.2.3	Enabling use of ECN
To enable ECN, an existing or a separate QoS flow can be used. At the time of QoS Flow establishment, it is determined whether use of ECN is enabled or not. Following are possible alternatives to determine use of ECN for the purpose of L4S:
· Pre-configure a dedicated 5QI for which use of ECN for the purpose of L4S is enabled. 
· Provide an explicit indication at the time of QoS Flow setup to indicate whether use of ECN for the purpose of L4S can be enabled.
Editor's note:	Whether use of ECN is enabled based on use of specific 5QI or other means is FFS.
[bookmark: _Toc104883080]6.46.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc104883081]6.46.4	Impacts on services, entities and interfaces
Depending on the solution option chosen for uplink and downlink, support for ECN marking (for the purpose of L4S) of payload packets as specified in RFC 8311 [36] needs to be supported either in the UE, NG-RAN. In some cases, additional congestion notification is supported in the NG-RAN along with support of ECN for the purpose of L4S marking in the UPF for payload packets as specified in RFC 8311 [36].
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