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[bookmark: _Hlk513714389]Abstract of the contribution: 
1.	Discussion and Proposal
This document addresses the following EN and proposes to also support duplication criteria containing threshold values for RTT. The reasoning for this proposal is given in the text below.
5) 	The duplication criteria contain threshold values for Packet Loss Rate (PLR).
Editor’s note: The criteria for initiating traffic duplication (i.e., what thresholds can be used) and if additional duplication criteria will be supported needs further study.
Assume the UE has received the following ATSSS rule.
-	Traffic descriptor
-	Application identity: com.example.app1
-	Protocol: TCP
-	Access Selection descriptor
-	Steering functionality: MPTCP
-	Steering mode: Redundant
-	Steering Mode Information: Primary access=3GPP
-	Threshold Values: Max RTT = 20ms
The UE sends all packets matching this ATSSS rule to one access only, if the UE determines that the RTT on this access is smaller to the max threshold (20ms).
When the UE determines that the RTT on both accesses exceeds the max threshold (20ms), then the UE starts duplicating every packet on both accesses. This can reduce the RTT because the receiver (UPF) will always select the packet that arrives first. 
As shown in the figure below, if both accesses have the same RTT (RTT difference = 0), then duplicating every packet on both accesses can reduce the RTT by 28% (assuming a delay jitter of 6ms). How much the RTT is reduced depends (a) on the RTT difference between the two accesses and (b) on the delay jitter on the two accesses.
Our conclusion from a theoretical study is that "duplicating packets on both accesses is expected to reduce the RTT in most practical use cases". However, in some cases (e.g., when the RTT difference between the two access is large), the packet duplication brings minor benefits to RTT.
Based on this, the following proposal is made: 
- 	The SMF may send an RTT threshold to UE/UPF for an SDF that is steered with RSM. This RTT threshold is determined based on the QoS requirements of the SDF.
-	When the UE/UPF determines that the RTT on both accesses exceeds the RTT threshold, the UE/UPF decides (based on its own implementation) to initiate packet duplication or not. The UE/UPF decides to initiate packet duplication only when the values of RTT and jitter on each access indicate that the packet duplication is expected to reduce RTT.
[image: ]
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[bookmark: _Toc22214914][bookmark: _Toc23254047][bookmark: _Toc97103582][bookmark: _Toc100745589][bookmark: _Toc101168846][bookmark: _Toc104869315]8	Conclusions
Editor's note: This clause enlists the conclusions of the study, including agreements for work to be done in the normative phase.
[bookmark: _Toc112909637][bookmark: _Toc112910148]8.2	Conclusions for KI #3: Support of redundant traffic steering
A Redundant Steering Mode (RSM) shall be defined in the normative phase, which supports the following features:
1)	The PCF decides the SDF(s) for which RSM should be applied based on its own criteria and/or based on information received from AFs.
2)	Duplication criteria may be provided by PCF for an SDF using a non-GBR QoS flow. Duplication criteria shall not be provided for SDFs using GBR QoS flows.
3)	When duplication criteria are not provided for an SDF, then RSM operates in static mode. In this mode:
-	the UE/UPF shall send all data packets of the SDF on both accesses.
Editor’s note: It is FFS if a duplication factor needs to be supported, which indicates the percentage of the traffic, less than 100%, that can be duplicated on one access. In this case, all data packets of the SDF are sent on a "primary" access and a percentage smaller to 100% is duplicated on a "secondary" access. The following example of ATSSS rule also shows the Duplication factor. If the final conclusion is that there are no other values than 100% to be applied, this duplication factor needs to be removed from the example.
	An example of ATSSS rule using RSM is static mode is shown below:
-	Traffic descriptor
-	Application identity: com.example.app0
-	Protocol: TCP
-	Access Selection descriptor
-	Steering functionality: MPTCP
-	Steering mode: Redundant
-	Duplication factor = 100%
	This means that:
-	Redundant traffic steering is applied by the MPTCP steering functionality to the TCP traffic of application "com.example.app0".
-	100% of the traffic is duplicated over both accesses.
4)	When duplication criteria are provided for an SDF, then RSM operates in dynamic mode. In this mode:
-	When the duplication criteria are fulfilled on both accesses, the UE/UPF shall duplicate the traffic of the SDF on both accesses.
-	When the duplication criteria are fulfilled on one access only, the UE/UPF shall send the traffic of the SDF over the other access only.
-	When the duplication criteria are not fulfilled on both accesses, the UE/UPF shall send the traffic of the SDF over the "primary" access. The "primary" access may be selected by PCF and indicated to UE and UPF in ATSSS and N4 rules or may be selected by UE/UPF based on their own implementation (e.g., using the best performing access). If the measurements are not available to evaluate the duplication criteria for an access, it is assumed that the duplication criteria are not fulfilled on this access.
NOTE 1:	For example, the duplication criterion "Max PLR = 0.1%" is fulfilled on one access when the measured PLR on this access exceeds the 0.1% threshold.
Editor's note: Use of a duplication factor for RSM in dynamic mode is FFS.
5) 	The duplication criteria contain either threshold values for Packet Loss Rate (PLR) or threshold values for Round Trip Time (RTT).
-	When only a PLR threshold is provided for an SDF and the measured PLR exceeds this threshold on both accesses, the UE/UPF shall duplicate the traffic of the SDF on both accesses.
-	When only a RTT threshold is provided for an SDF and the measured RTT exceeds this threshold on both accesses, the UE and UPF decide independently to initiate packet duplication or not based on their own implementation.
NOTE 2:	For example, the UE/UPF can decide to initiate packet duplication only when the values of jitter on each access and the difference of values of RTT indicate that the packet duplication is expected to reduce the overall RTT for the SDF.
Editor’s note: The criteria for initiating traffic duplication (i.e., what thresholds can be used) and if additional duplication criteria will be supported needs further study.
6)	The existing structure of ATSSS/N4 rules shall be re-used with enhancements for supporting RSM. An example of an ATSSS rule using dynamic RSM is shown below.
-	Traffic descriptor
-	Application identity: com.example.app1
-	Protocol: TCP
-	Access Selection descriptor
-	Steering functionality: MPTCP
-	Steering mode: Redundant
-	Steering Mode Information: Primary access=3GPP, Duplication factor = 50%
-	Threshold Values (optional): Max PLR = 0.1%
	This ATSSS rule indicates that:
-	Redundant traffic steering shall apply to the TCP traffic of application "com.example.app1".
-	If the measured PLR exceeds 0.1% on both accesses (duplication criteria fulfilled on both accesses), then all matched traffic shall be duplicated on both accesses.
-	If the measured PLR does not exceed 0.1% on both accesses, then all matched traffic shall be sent over 3GPP access only (as the primary access).
-	If the measured PLR does not exceed 0.1% on one access only (either 3GPP or non-3GPP), then all matched traffic shall be sent over this access.
7)	The redundant traffic steering shall be applicable to both GBR and non-GBR traffic. For GBR traffic, the SMF shall provide the GBR QoS profile to both accesses.
8)	The Nnef_AFsessionWithQoS API can be used by an AF to indicate the desired packet delay and/or packet loss rate for a data flow. This information can be considered by PCF when deciding the steering mode for this data flow and may influence when traffic duplication is activated or deactivated.
9)	The RSM does not apply to the ATSSS-LL steering functionality.
Editor’s note: Additional bullets may be added before the completion of this study. It should also be defined how the steering functionality handles the duplicated packets.
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