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Abstract: This paper provides an evaluation and interim conclusions of the steering modes proposed for KI #1.
1. Introduction
Key Issue #1 in TR 23.700, titled “Additional Steering Modes” aims to study whether and how to support additional steering modes for Rel-17 eATSSS work. The solutions addressing this key issue are Sol#2, Sol#3, Sol#4, Sol#11 and Sol#12. In addition, solution #1 describes a few possibilities for new steering modes.
2. Discussion
When evaluating KI#1 solutions, it can first be noted that there are no clear requirements that can guide the evaluation and conclusion for steering mode enhancements, and the evaluation of the proposals in the TR thus needs to be associated with a discussion about whether there are important new use cases and/or clear gaps compared to rel-16 steering modes. As alternative to defining new steering modes in rel-17, it may be useful to enhance rel-16 steering modes.  
The enhancements proposed in the TR aims at adding new capabilities compared to rel-16 in the following four areas:
A.	Enable more flexibility in UE/UPF to select best traffic distribution (Sol #2, 3) 
B.	Take additional performance parameters into account, such as loss rate, RTT differences, specific thresholds etc (Sol #2, 3, 11 and the steering modes suggested in Sol #1)
C.	Add packet duplication (bi-casting) as a way to reduce impacts of packet loss (Sol #4)
D.	Add a possibility for the UE to influence the steering mode and/or steering mode parameters such as the weight (Sol #12)
When it comes to aspects A and B above, it can be noted that rel-16 steering modes are rather “single minded” and only focus on a single goal. For example, the Load-balancing steering mode requires a certain distribution (based on weight) without any description for how to act in case both accesses are available, but one access has a high loss rate, or a high RTT. The Smallest-delay steering mode indicates that the access with lowest RTT shall be used, independent of other factors such as loss rate. With rel-16, only in case one access is not available does the UE/UPF stop the steering mode intent and use the single available access instead. In other words, the definition of the Rel-16 steering modes imply one specific scheduler behaviour, rather than pointing towards a scheduler intention or use case value. In practice however, an implementation needs to consider also other aspects in order to provide a good QoE for the user. At the same time, the PCF needs to retain policy control of which steering strategy/constraints should apply to a given data flow. It is important to avoid the scenarios where the PCF provides a steering mode and the UPF does not follow that steering mode. “A strict “single minded” steering mode thus risks to either result in bad QoE (if followed too strictly) or not to follow the steering mode required for the application (if UE/UPF starts acting on its own to improve the QoE). 
If more flexibility needs to be added, it needs to be understood whether this should be in the form of new steering modes, extensions to existing steering modes or total delegation to UPF/UE in which case the PCF does not provide a steering mode and the UPF can apply local rules with the most suitable steering mode. The solutions #2, 3, 11 tries to resolve some of the rel-16 issues by defining new steering modes. However, since the rel-16 steering mode implementations anyway need to take such aspects into account to provide a good end-to-end-result, a better approach seems to be to enhance the existing steering modes with type A and B properties, to make them “more complete” and less “single minded”. 
Therefore, an evaluation is performed on these lines on the various steering modes proposed in Rel-17 by emphasizing on the use case value, considering the possibility of extending the existing Rel-16 steering modes and schedulers with the characteristics defined for Rel-17 steering modes.  
3. Proposal
It is proposed to update TR 23.700-93 as follows.
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Editor's note:	This clause will provide a general evaluation of the solutions.

7.X 	Evaluation for KI#1: Steering Modes
General:
The following steering modes are proposed in Rel-17 for addressing KI#1:
· Smallest Loss Rate, Loss Rate Threshold and RTT Threshold (Solution #1)
· Autonomous Steering Mode (Solution #2):
· Autonomous Steering Mode with Advanced PMF (Solution #3)
· Redundant Steering Mode (Solution #4)
· RTT Difference based Steering Mode (Solution #11)
· UE Assisted Traffic Steering Mode (Solution #12)

They can be divided into four categories depending on what they are trying to achieve:
A.	Enable more flexibility in UE/UPF to select best traffic distribution (Sol #2, 3)
B.	Take additional performance parameters into account, such as packet loss rate of the link vs the maximum packet loss rate for the service, the RTT differences and other thresholds etc as defined in Sol #2, 3, 11 and the steering modes suggested in Sol #1
C.	Add packet duplication (bi-casting) as a way to reduce impacts of packet loss (Sol #4)
D.	Add a possibility for the UE to influence the steering mode and/or steering mode parameters such as the weight (Sol #12)
Category A, B proposals:
These type of solutions aims to address some limitations where each rel-16 steering mode is focusing too much on one specific aspect (e.g. load-balancing weight or lowest RTT). 
The additional performance parameters of the new steering modes described for Categories A and B can also be applied to the existing Rel-16 steering modes where thresholds can be added e.g. for maximum packet loss and packet delay budget and then, providing a room of freedom for scheduler implementations. That would allow each steering mode covers a larger set of behaviours, instead of being limited to only consider a single characteristic (e.g. RTT). 
Solutions 2/3: 
There are three main aspects proposed in solutions 2/3. They are analysed below:
1)	Autonomous steering by UE and UPF in order to maximize the bandwidth/throughput:
-	Such autonomous steering mode (in order to maximize the bandwidth/throughput) provides flexibility to both the UE and the UPF to maximize the resource usage of the two accesses considering the situation of the link and UE/UPF status, so that the user can get best service experience / throughput, which is more difficult to be reached by Rel-16 steering modes which focus on a single characteristic (e.g. RTT or weight) and fixed splitting rate.
2) 	Thresholds:
Thresholds provided to the UPF may be a useful addition as proposed in Solution #2/#3: 
-	Sol#3 suggest that PCF provides thresholds in PCC rules and that thresholds are set per IP Flow and per access. 
-	There is no explicit relation between the thresholds described in Sol#3 and the QoS requirements for an SDF/application but the PCF when setting the threshold needs to consider the QoS requirements for an SDF/application. Thresholds parameter defined in Sol#3 are independent parameters per access, but can also be defined to be access independent, considering the QoS requirements are independent of access type. Sol#3 also proposes jitter thresholds which can be configured based on the application type. It should be noted however that currently there are no jitter requirements in the 5G QoS framework. It is also proposed to introduce loss rate thresholds for non-GBR traffic. Although for now the Maximum Packet Loss Rate value is currently only applied to GBR, it doesn’t mean the packet loss impact can be ignored for the non-GBR traffic. Obviously, the more packets are lost, the worse service quality will be, not only for GBR but also for non-GBR.  
3)	Enhanced PMF measurements: 
-	The benefits of performing RTT measurements per QoS flow improves the precision of RTT measurements and has small impacts to the PMF protocol. 
-	Jitter measurements reuses RTT measurement message for Jitter calculation. Some services such as game, IMS voice are sensitive to jitter, therefore it is possible that PCF can configure such threshold. It should be noted however that currently there are no jitter requirements in the 5G QoS framework. 
-	Packet loss rate measurements may be useful in case loss rate thresholds are introduced. In case a PMF echo packet is lost, the UE or the UPF can resend PMF request or carry the lost information in the subsequent PMF message. Details can be left to stage 3. 

Solution 11: 
Solution #11 proposes a new steering mode to take RTT difference into account. The functionality of RTT difference based steering mode can however be achieved through proper implementation of other steering modes by UE/UPF implementation simply taking the RTT difference into account when making traffic switching/splitting decisions. 
Category C proposal:
Solution 4: 
The Solution states that it is targeting “loss rate sensitive traffic, such as IMS signalling, video, and some TCP-based traffic”. This redundant transport is only initiated when one access cannot satisfy the loss rate so it could be useful, which is much better than retransmission after packet loss. For QUIC or TCP based applications, the value of redundant transmission is not clear since those applications anyway rely on retransmissions by the transport layer. Usage of ATSSS with IMS has not be studied properly and introducing a new steering mode specifically for IMS would require further investigation also from an IMS point of view.
Category D proposal:
Solution 12 (UE-assisted traffic steering mode) proposes to let the UE influence the steering mode and/or steering mode parameters. This may be based e.g. on UE battery consumption and battery level. Getting such feedback from the UE may be valuable to achieve a good user experience for ATSSS, but it needs to be ensured that operator control is maintained. The network controls whether or not the UE is allowed to use this mode/operation. Whether additional network control is needed while the UE is operating in the UE assisted steering mode (e.g., support for the PCF to set boundaries of the steering decisions by UE and UPF) needs further study.
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Editor's note:	This clause will capture conclusions from the study.
8.X 	Interim Conclusions for KI#1: Steering Modes
Based on the evaluation in Clause 7.X, it is proposed that:
Editor’s Note: It is FFS what thresholds can be taken into account and how they can affect the steering modes. For example, the thresholds can be based on the QoS parameters applied in the existing QoS model for meeting the QoS requirements of the applications/SDFs. Such thresholds may include (a) the Maximum RTT (derived from PDB) and (b) the Maximum Packet Loss Rate (derived from the Maximum Packet Loss Rate (MPLR) or the PER), (c) Jitter. The thresholds will be the same for both 3GPP and non-3GPP accesses since QoS requirements are per SDF/service.
-	The following principle is recommented for the normative phase:
-	If authorized by the PCF, the UE and the UPF may determine how to steer, switch or, if allowed, split traffic over each access for UL and DL directions, respectively, subject to steering method and other criteria such as link status, access conditions and UE states (e.g., power saving).
-	The UE steers/switches/splits UL traffic taking into account UE’s preference on traffic split ratio or preferred access for UL transmission.
-	For the DL, the UE may request the UPF that the DL transmission matches the UL transmission traffic distribution. The UPF will take the UE’s request into account when deciding the DL transmission traffic distribution.
Editor’s note: Whether the UE requested DL transmission match to the UL transmission traffic is needed for 5G-RGs is FFS.
Editor’s Note: It is FFS whether new steering mode(s) need to be defined in Rel-17 that support the following list of performance criteria. 


**** End of Changes ****
3GPP
SA WG2 TD

