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Abstract: This paper provides an update to Solution #2 for ATSSS Rel-17.
1. Introduction/Discussion
Key Issue #1 in TR 23.700-93, titled “Additional Steering Modes” aims to study whether and how to support additional steering modes for Rel-17 eATSSS work. Solution #2, titled “New Steering Mode – Autonomous steering mode” is one of the many solutions in the TR addressing this key issue.
It is however important to put new steering mode proposals in relation to existing rel-16 steering modes. The current definition of Rel-16 steering modes do not give much freedom level, are focused only on a single aspect (or goal) and dictate steering more like a scheduling option. However, the rel-16 steering modes can be extended by focusing on multiple aspects or attributes described under the “Autonomous Steering Mode”, that can help enhance the existing steering mode behaviours in order to provide a better QoE for the user. Therefore, when proposing this new steering mode for Rel-17, it is important to describe how the existing Rel-16 steering modes can be applied together or enhanced with the proposed aspects of autonomous steering mode.  
Therefore, Solution #2 is updated to portray the possibility of incorporating the aspects into Rel-16 steering modes instead of defining a new steering mode.
2. Text Proposal
It is proposed to update TR 23.700-93 as described below.

*** Start of Changes ***
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This solution addresses KI#1 on Additional Steering Modes.
As specified in ATSSS Rel-16, the traffic of MA PDU session could be distributed across one or both accesses by using different steering modes. There are four steering modes as defined in Rel-16, i.e. Active-Standby, Smallest Delay, Priority-based and Load balancing. All the Rel-16 steering modes are decided by the network side and performed by the UE and UPF based on the link performance measurement. For example, if one access becomes unavailable, the UE and UPF can switch all the traffic to the other available access. However, except the access available/unavailable status, the UE and UPF cannot flexibility distribute the traffic over both accesses according to the link performance in real time. To be more specific, for the Load balancing mode, the traffic splitting weight is statically set by the network based on the operators' requirement without considering the link performance measurement. For the Priority-based mode, the traffic can be steered on alternative access only when one access is congested. In summary, none of the rel-16 steering modes allow the UE or the UPF to adjust the usage of the accesses dynamically based on the link status. Not accounting link performance conditions in existing modes can impact service experience for some applications which are sensitive to delay and/or loss.
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Extending the steering mode configuration with link performance conditions as an option enables PCF to authorize when needed extra flexibility for both the UE and the UPF to perform the traffic steering accounting the mode intention but also the dynamic link characteristics.
It is proposed to extend the configuration of Load Balancing mode with access performance indicator thresholds as an option. Since PCF does not have a mean to provide different performance settings per access it is proposed that setting of such thresholds is common to both accesses. Thresholds are based on existing QoS parameters and inline with existing QoS model. Threshold values should thus be based on QoS requirements of the applocations/SDFs.
In case of Load Balancing steering mode, the PCF can indicate any combination of Maximum UL/DL RTT and UL/DL Maximum Packet Loss Rate in the PCC rule. The parameters are common for 3GPP and non-3GPP access and provided per PCC rule (i.e. per SDF). Jitter, as proposed in Solution 3, is not considered in the current 3GPP QoS model and is thus not taken into account in ATSSS. 
Alternatively, the SMF derives Maximum UL/DL RTT and UL/DL Maximum Packet Loss Rate based on the rel-15/16 QoS parameters in the PCC rule. 
Editor’s note: It is FFS whether the ATSSS QoS parameters/thresholds would be derived by PCF or SMF.
The SMF determines Maximum UL/DL RTT and UL/DL Maximum Packet Loss Rate per QoS Flow and provides to the UE and UPF as part of the ATSSS information.
The UE (and UPF) shall load-balance the traffic by accounting the weight factor configured and initiate the monitoring of the configured access performance indicators. If the performance of both accesses is within all the configured thresholds, the UE (or UPF) shall consider both accesses valid for steering and load balance based on the configured weight factor. If the performance of an access is not within any of the configured thresholds, the UE (or UPF) shall not consider this access as valid for steering. UE (or UPF) shall consider an access valid again when all thresholds are met again. In practice this means the UE (or UPF) will adjust dynamically the Load Balancing weight to the link performance so the actual Load Balancing factor resulting can differ from the one configured by PCF but will the benefit of providing a better service experience to subscribers. If none of the access are considered valid, UE (or UPF) shall steer traffic to a default access configured by PCF and notify PCF.
Editor’s note: It is FFS if thresholds, and if so what thresholds, are applicable to other steering modes.
See Figure 6.X.2-1 for details considering the load balancing example, where one single packet flow is shown as an example for UL and DL respectively. The weight factor for the traffic over each access is provided by PCF 50% for 3GPP/N3GPP in both UL and DL. In this example the application is latency sensitive and PCF provides UL/DL maximum RTT.
Initially, both the 3GPP and non 3GPP access RTT is below the threshold and UE and UPF schedulers e.g. use round robin mechanism in such a way that 50% weight is enforced. However, at some point of time, the UL delay in 3GPP access increases beyond the maximum threshold during a short period preventing the UE to steer during that access as long as the situation lasts. Once the situation is recovered, the UE scheduler will apply again the round robin mechanism considering the 50% weight. If the traffic distribution is observed for a longer period, e.g. during the busy hour, the effective load balancing weight achieved in UL will be 30% for UL and 50% for DL on 3GPP access, and 70% for UL and 50% for DL on non 3GPP access, as shown in the figure. The “longer term” load balancing weight may thus differ from the weight factor prescribed in the PCC rule, since the thresholds and access link conditions have been taken into account based on the thresholds provided to UE and UPF. The target for UE/UPF is however always to fulfil the operator’s prescribed weight provided by PCF, if the link conditions allow it. In this way the operator use case is maintained at the same time as access link conditions are taken into account to ensure a good QoE.
NOTE 1:	It is up to the UE and UPF scheduler implementation on how to schedule when several performance conditions are configured. It is up to the implementation how frequently the KPI measurements are monitored.


Figure 6.X.2-1: Steering mode example (average weight over some time)
This steering mode enhancement can be applied by the MPTCP, ATSSS-LL and (MP)QUIC steering functionalities.
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The MA PDU session establishment procedure is based on the signalling flow in clause 4.22.2 with the following changes:
-	In step 1, the UE provides Request Type as "MA PDU Request" in UL NAS message and its ATSSS capabilities as defined in TS 23.501 [3] clause 5.32.2. The UE includes in its ATSSS capabilities MPTCP functionality with any steering mode and/or ATSSS-LL functionality with any steering mode. The UE also indicates its capability to use a steering mode with thresholds.
-	In step 7, if dynamic PCC is to be used for the MA PDU session, the SMF includes the ATSSS capabilities of the MA PDU session. The PCF provides PCC rules which include the MA PDU session control information which includes the Steering Functionality and the Steering mode. When the steering mode in the MA PDU session control information indicates Load Balancing, it also includes the traffic splitting weight set by the network based on the operators' requirement together with the thresholds for Maximum RTT, UL/DL Maximum Packet Loss Rate as defined in Solution 3 of the present TR. Alternatively the SMF derives these values based on the existing rel-15/16 QoS parameters in the PCC rule. The SMF, from the received PCC rules, derives the ATSSS rules and N4 rules that will be sent to the UE and the UPF respectively. Both the UE and UPF will control the traffic steering, splitting, and switching in the UL/ DL direction based on the combination of link status and the threshold for RTT, UL/DL Maximum Packet Loss Rate.
-	In step 8, the SMF selects one or more UPFs as defined TS 23.502 [4] clause 6.3.3.3.
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This solution will impact the following entities in 5GS:
-	SMF: Supports to select the UPF with support of the new steering mode capabilities.
-	PCF: Supports to authorize the new steering mode capabilities for the SDF.
-	UPF: Supports the new steering mode capabilities.
-	UE: Supports the new steering mode capabilities.
-	5G-AN/ NG RAN: No impact.

*** Next Change ***

6.2	Solution #2: New steering mode - Autonomous steering mode
6.2.1	Introduction
This solution addresses KI#1 on Additional Steering Modes.
As specified in ATSSS Rel-16, the traffic of MA PDU session could be distributed across both accesses by using different steering modes. There are four steering modes as defined in Rel-16, i.e. Active-Standby, Smallest Delay, Priority-based and Load balancing. All the Rel-16 steering modes are decided by the network side, and performed by the UE and UPF based on the link performance measurement. For example, if one access becomes unavailable, the UE and UPF can switch all the traffic to the other available access. However, except the access available/unavailable status, the UE and UPF cannot flexibility distribute the traffic over both accesses according to the link performance in real time. To be more specific, for the Load balancing mode, the traffic splitting weight is statically set by the network based on the operators' requirement instead of the link performance measurement. For the Priority-based mode, the traffic can take over both access resources only when one access is congested. In sum, both of these steering modes do not allow the UE or the UPF to adjust the traffic splitting weight over both accesses dynamically based on the link status, not even mention Active-Standby and Smallest Delay.
6.2.2	High-level Description
This steering mode, called Autonomous steering mode, provides to both the UE and the UPF flexibility on the traffic splitting control in order to maximize the bandwidth/throughput when two accesses are applicable for this traffic. For example, some traffic has high bandwidth requirement, such as video service, download service, etc, the higher bandwidth/throughput is provided by the network, the better service quality can be achieved. Then the autonomous steering mode can be applied on these traffic for UE and UPF to flexibly adjust the weight factor on both accesses in order to maximize the bandwidth/throughput. Additionally, this Autonomous steering mode should only be allowed by the operator when both accesses can be applied to transport the traffic, and from the operator point of view, high bandwidth/throughput is more important than the control on the access selection for the traffic steering/switching/splitting. See Figure 6.2.2-1 for details, where one single packet flow is shown as an example for UL and DL respectively. The weight factor for the traffic over each access, e.g. 30% for UL and 50% for DL on 3GPP access, and 70% for UL and 50% for DL on non 3GPP access, as shown in the figure, is decided by the UE and the UPF independently for both UL and DL, subject to link status to achieve the high bandwidth/throughput. As the weight factor for each access can be adjusted dynamically by the UE and the UPF, there is no need for the PCF/SMF to send the static weight factor values to the UE and the UPF.
NOTE 1:	It can also be considered to send the initial weight factor to the UE and the UPF from the PCF/SMF. This initial value is applied at the beginning of the traffic steering when the link status measurement has not been started.


Figure 6.2.2-1: Autonomous steering mode
Optionally, the threshold can also be provided together with the Autonomous steering mode, including Maximum RTT, UL/DL Maximum Packet Loss Rate, UL/DL Maximum Jitter as described in subclause 6.3.2.2. These thresholds can assist UE and UPF to decide whether the traffic can be transported via a specific access. For example, when one access cannot satisfy the threshold requirement, the UE and UPF will treat this access as unavailable, and then switch all the packets to the other access. When both accesses cannot satisfy the thresholds, how to steer/switch/split the traffic depends on the UE and UPF implementation.
This autonomous steering mode can be applied by the MPTCP, ATSSS-LL and (MP)QUIC steering methods. To be more specific, for the MPTCP (as defined in Rel-16) or (MP)QUIC (e.g. as defined in solution #7 and solution #8) steering methods, as the packet reordering is supported by the MPTCP or (MP)QUIC protocol, one packet flow splitting per packet with flexible weight factor on both accesses can be decided and applied by the UE and the UPF based on the autonomous steering mode. For the ATSSS-LL (as defined in Rel-16) steering method, only different packet flow via different accesses, i.e. traffic splitting per packet flow, can be supported in the autonomous steering mode.
NOTE 2:	The Autonomous steering mode can be applied by all the steering methods, i.e. independent on the selection of the steering method.
6.2.3	Procedures
The MA PDU session establishment procedure is based on the signalling flow in clause 4.22.2 with the following changes:
-	In step 1, the UE provides Request Type as "MA PDU Request" in UL NAS message and its ATSSS capabilities as defined in TS 23.501 [3] clause 5.32.2. If the UE includes in its ATSSS capabilities MPTCP functionality with any steering mode and/or ATSSS-LL functionality with any steering mode, the any steering mode includes the Autonomous steering mode both in uplink and downlink direction in addition to the steering modes defined in Rel-16.
-	In step 7, if dynamic PCC is to be used for the MA PDU session, the SMF includes Autonomous steering mode as the ATSSS capabilities of the MA PDU session. The PCF provides PCC rules which include the MA PDU session control information which includes the Steering Functionality and the Steering mode. When the steering mode in the MA PDU session control information indicates the rules for distribution of traffic between accesses for Autonomous steering mode it also includes the default the traffic splitting weight set by the network based on the operators' requirement together with the thresholds for Maximum RTT, UL/DL Maximum Packet Loss Rate, UL/DL Maximum Jitter as defined in Solution 3 of the present TR. The SMF from the received PCC rules derives the ATSSS rules and N4 rules that will be sent to the UE and the UPF respectively. Both the UE and UPF will control the traffic steering, splitting, and switching in the UL/ DL direction and adjust the traffic splitting weight when Autonomous steering mode is supported based on the combination of link status and the threshold for RTT, UL/DL Maximum Packet Loss Rate, UL/DL Maximum Jitter.
-	In step 8, the SMF selects one or more UPFs as defined TS 23.502 [4] clause 6.3.3.3, where the information regarding the ATSSS Steering Capability of the UE may include support for Autonomous steering mode.
6.2.4	Impacts on services, entities, interfaces and IETF Protocols
This solution will impact the following entities in 5GS:
-	SMF: Supports to select the UPF with support of the new steering mode.
-	PCF: Supports to authorize the new steering modes for the SDF.
-	UPF: Supports the new steering modes.
-	UE: Supports the new steering modes.
-	5G-AN/ NG RAN: No impact.

*** End of Changes ***
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