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1. Introduction
Currently, several solutions are proposed to address how to enable the DualSteer Device to perform DualSteer traffic switching. Among these solutions, some are inspired by ATSSS mechanism, while some are inspired by PDU session handover procedure between 3GPP access and non-3GPP access. The complexities of these solutions are different leading to different impacts on the 5G system. Therefore, evaluation, comparison and analysis are proposed.
2. Discussion
Although there is no definition of DualSteer traffic steering and DualSteer traffic switching in the TR. Based on previous meeting discussion, the terms are somehow stable as below:
DualSteer traffic steering: the procedure whereby a DualSteer Device selects a 3GPP access network for a new service and transfers all the traffic of that service over the selected 3GPP access network.
DualSteer traffic switching: the procedure whereby a DualSteer Device moves all traffic of a service from one registered 3GPP access network to another 3GPP access network in a way that minimizes service interruption.
Based on these definition and service requirements, several solutions are proposed. Some are inspired by ATSSS, while some are inspired by PDU Session Handover. For the ATSSS-inspired solutions, they can be further divided into ATSSS-like solutions and solutions reusing ATSSS feature. 
Therefore, in order to understand the feasibility, pros and cons of these different solutions, some existing mechanisms are introduced below.
[bookmark: _Toc160552485][bookmark: _Toc161061103][bookmark: _Toc164918715]2.1	Existing mechanism
2.1.1	ATSSS mechanism
The ATSSS feature is specified in clause 5.32 in TS 23.501 [1] and in clause 4.22 in TS 23.502 [2] 
MA PDU session is established by a UE with a SUPI over 3GPP access and non-3GPP access for specific service(s). There is only one PDU session context in this case although there are two different access legs in this type of PDU session. Both UE and UPF derives the rules for traffic steering and switching from ATSSS rules and MAR rules respectively during the MA PDU session establishment procedure, which is a SM policy.
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Figure 1: High level procedures of MA PDU session establishment
2.1.2	Handover of a PDU Session procedure between 3GPP access and non-3GPP access
The procedure of PDU session handover between 3GPP and non-3GPP access as specified in clause 4.9.2 and 4.9.3 in TS 23.502 [4].
In this procedure, the UE establishes target PDU session over target access type and indicates to the network that the PDU session request type is “existing PDU session switching between 3GPP access and non-3GPP access”. After network establishing the target PDU session with the same anchor UPF (reusing the PDU session context of source PDU session over source access type), the network will release the AN resource of the source PDU session to complete the PDU session handover.
2.2	Solutions proposed in DualSteer
2.2.1	ATSSS-like solution
Among the proposed solutions, some solutions would like to reuse the principle of MA PDU Session to achieve DualSteer traffic steering and DualSteer traffic switching. In these solutions, the DualSteer Device establishes two PDU sessions which are anchored at the same UPF to act as the two access legs and obtains the DS rules from the network during the PDU session establishment procedure.
The ATSSS-like solution seems to re-use the principle of MA PDU session. However, the approach misses the essential differences between DualSteer scenario and ATSSS scenario. 
In ATSSS scenario, there is only one UE/SUPI. In other words, there is no UE/SUPI selection. Therefore, based on URSP rules, the UE can directly establish the MA PDU session and derive the ATSSS rules via SM policy. According to the ATSSS rules, the UE selects one access leg or two access legs (since splitting is supported) for the service data transmission.
In DualSteer scenario, there are two UEs/SUPIs. Each UE/SUPI is used to connect only one 3GPP access network. The DualSteer Device needs to select a 3GPP access network for service transmission. In this case, 3GPP access network selection is equivalent to UE/SUPI selection, which is essentially different from access network selection in ATSSS scenario. Therefore, for a new coming service, the DualSteer Device should firstly select the appropriate UE/SUPI for service transmission based on DualSteer traffic steering policy. When the target UE/SUPI is selected, the UE can determine whether to establish a new PDU session or re-use the existing PDU session to transmit the service based on URSP rules. Hence, the DualSteer traffic steering policy should be a UE policy instead of SM policy. 
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Figure 2: High level procedure of DualSteer
In most of ATSSS-inspired solutions, DualSteer Device will firstly establish a PDU session and then obtain the DualSteer rules via SM policy which looks similar with ATSSS mechanism. However, it misses the part that which and how a UE/SUPI is selected by the DualSteer Device to establish the PDU session. It seems that whenever there are new services, the DualSteer Device will trigger both UEs/SUPIs to establish the PDU session respectively. Several issues are identified in this solution:
-	Firstly, this approach is not applicable to DualSteer Device in single UE case where two active PDU sessions over two 3GPP accesses are not supported. 
-	Secondly, this approach is not applicable to services such as IMS where switching is not possible. DualSteer Device should only transmit the service to specific UE/SUPI instead of pre-establish two PDU sessions via two UEs/SUPIs for such service. 
-	Last but not least, such solution is network resource-consuming since both UE and network shall reserve double network resource and maintain double context for the services.
Therefore, based on the above discussion and analysis, the mechanism of ATSSS cannot be applied directly by anchoring the two PDU sessions established by the two UEs/SUPIs. 
2.2.2	Solutions reusing ATSSS
In addition to ATSSS-like solutions, some solutions try to reuse ATSSS, such as Solution#1.4 and Solution#1.13.
Solution#1.4 is inspired by the support for session/service continuity between SNPN and PLMN when using N3IWF as specified in Annex D.6 in TS 23.501 [1] as shown in Figure 3, while the architecture for Solution#1.4 is shown in Figure 4.


[bookmark: _CRFigureD_61]Figure 3: MA PDU session with ATSSS support for dual radio UE accessing to Stand-alone Non-Public Network services via Uu and NWu interfaces


Figure 4: Architecture for Solution#1.4
The difference is that the two 3GPP access networks belongs to the same PLMN or different PLMNs. This could be a possible option. However, it still requires to support the operator policies as per SA1 requirements
In terms of Solution#1.13 as shown in Figure 5. The DualSteer device establishes a normal single-access PDU Session with PLMN-1 using the existing procedures, while the DualSteer device also establishes a MA PDU session with PLMN-2 using the existing ATSSS procedures. In the case of MPTCP, the DualSteer device may request the establishment of a TCP sub-flow with the MPTCP proxy (in UPF) via the external access path by sending a TCP_SYN packet to the external IP address. However, how can this new path establishment be considered the same as existing MA PDU session is not clear. The detailed call flow and protocol stacks shall be added and clarified. In addition, this solution does not consider the single UE case where simultaneous transmission is not supported.


Figure 5: Architecture for Solution#1.13
2.2.3	Solutions inspired by PDU Session handover between 3GPP access and non-3GPP access
Some solutions are inspired by the procedure of PDU session handover between 3GPP and non-3GPP access as specified in clause 4.9.2 and 4.9.3 in TS 23.502 [4]. The main differences are that in DualSteer, the target PDU session is established by another UE/SUPI instead of the same UE/SUPI. When the same SMF/UPF is selected, the SMF can update the N4 session context to include the target PDU session information (e.g. reuse the same IP address of the source PDU session and update N4 rules to replace the AN tunnel information of the source PDU session with the AN tunnel information of the target PDU session) and further release the source PDU session.
In this solution, policy for DualSteer traffic steering and policy for DualSteer traffic switching is provided to the DualSteer Device via UE policy. Based on the policies, the DualSteer Device determines which UE/SUPI to transmit the service and when to trigger the switching (i.e. trigger to establish the target PDU session over target UE/SUPI for switching). 
Some may argue that this solution cannot support service level switching, which is not correct. Service level switching can be achieved by either enhancing the RSD of URSP or introducing a new UE policy to include the conditions/actions of DualSteer traffic switching. When the UE evaluates the URSP rules, it shall also consider this newly added information so that the services with the same PDU session parameters (e.g. DNN, S-NSSAI, SSC mode, etc) and the same conditions/actions of DualSteer traffic switching will be transmitted via the same PDU session, while the services with different conditions/actions of Dualsteer traffic switching will not be transmitted via the same PDU session. Therefore, although the DualSteer traffic switching mechanism is per session level, service level switching can also be fulfilled. 
Moreover, session level switching solution can work in both single UE case and two separate UEs case.
2.2.4	Comparison and analysis
Based on the above analysis, following observations are provided.
Observation 1: The principle of MA PDU Session in ATSSS mechanism cannot be reused for DualSteer.
· MA PDU session is established by a UE with a SUPI over 3GPP access and non-3GPP access for specific service(s). There is only one PDU session context in this case although there are two different access legs in this type of PDU session. Both UE and UPF derives the rules for traffic steering and switching from ATSSS rules and MAR rules respectively during the MA PDU session establishment procedure, which is a SM policy.
· In DualSteer scenario, there are two UEs/SUPIs. Each UE/SUPI is used to connect only one 3GPP access network. The DualSteer Device needs to select a 3GPP access network for service transmission. In this case, 3GPP access network selection is equivalent to UE/SUPI selection, which is essentially different from access network selection in ATSSS scenario. Therefore, for a new coming service, the DualSteer Device should select the appropriate UE/SUPI first for transmission based on DualSteer traffic steering policy. When the target UE/SUPI is selected, the UE can determine whether to establish a new PDU session or re-use the existing PDU session to transmit the service based on URSP rules. Hence, the DualSteer traffic steering policy should be a UE policy instead of SM policy.
· In ATSSS, the UE is assumed to support simultaneous transmission over 3GPP access and non-3GPP access, while in DualSteer scenario, the DualSteer Device may not be able to support simultaneous transmission due to device capability or operator policy. Therefore, establishing two PDU sessions over two SUPIs is not applicable when the simultaneous transmission is not allowed.
Observation 2: Solution inspired by ATSSS cannot be applied for single-UE cases/non-simultaneous transmission.
· Steering mode such as Smallest Delay and Priority-based requires simultaneous transmission. For Active-standby steering mode, if the mechanism requires that both PDU Sessions are kept actively, it is still not applicable to single UE case.
· DualSteer policies (UE/UPF rules) will be different for different PDU Sessions, since the DualSteer policies are generated by different PCFs or SMFs without any interactions. The conflict may exist among different DualSteer policies, e.g., different DualSteer policies may select different SUPIs as active one, and thus this will cause the DualSteer device behave abnormally due to the non-simultaneous transmission capability. 
· For solutions inspired by ATSSS, the policy for DualSteer traffic steering and switching is derived during PDU session procedure. It means that different PDU sessions may have different steering and switching policies. How to ensure that all services are transmitted via the same access is not clear considering that the performance measurement results performed in different PDU session may be different.
Observation 3: ATSSS-like solutions are not efficient.
· When there is a new service, the two PDU Sessions over two 3GPP accesses will be established and kept actively for service transmission and potential switching. Such mechanism requires double network resources compared with the solution that the target PDU session is established only when the DualSteer traffic switching is triggered.
· Cause double control plane (especially wireless resource) usage.
· Cause double user plane resource for performance measurement.
· Not energy efficiency from both device side and network side.
Observation 4: ATSSS-like solutions have significant impacts on session management.
· Impacts on SM Policy Association. Two PDU Sessions established by two SUPIs respectively are associated. Whether it is a common SM Policy Association for the two PDU sessions or there is a link between the two SM Policy Association is not clear. 
· Impacts on N4 rules. Two PDU Sessions are associated, whether there is a common N4 rules shared by the two PDU sessions or there is a link between the two N4 rules of the two PDU sessions is not clear. Impacts on path identification due to both paths being 3GPP access.
· How to ensure the single access is selected for a service is not clear. Since UL transmission and DL transmission are independent with each other, keeping two associated PDU sessions actively cannot prevent that same access will be selected for one service. 
Comparison between solution inspired by ATSSS and solution inspired by PDU Session handover
1. Solution inspired by ATSSS causes unnecessary user plane resource usage and lower energy efficiency, since two PDU Sessions over 3GPP access will be established and kept actively for the service transmission. For solution inspired by PDU Session handover, only one PDU Session is established and kept actively for service transmission as per existing mechanism.
2. Solution inspired by ATSSS have more impacts on session management, including the impact on SM Policy Association and N4 session for path identification over two 3GPP accesses. Solution inspired by PDU Session handover does not have such impacts.
3. Solution inspired by ATSSS has to enhance more NFs including AMF, UE-PCF (PCF for UE), SMF, UDM, UPF and SM-PCF (PCF for session). Solution inspired by PDU Session handover does not have impacts on UPF and SM-PCF (PCF for session).
4. Solution inspired by ATSSS cannot be applied for single-UE case/non-simultaneous transmission. Solution inspired by PDU Session handover can be applicable to both single UE case and two separate UEs case.
5. For solution inspired by ATSSS, an IP address is shared by two active PDU Sessions which has large impact on current session management and IP address management. For solution inspired by PDU Session handover, an IP address is only used by one PDU Session as per existing mechanism.
For the solution inspired by PDU Session handover, the only enhancement is how to select the same SMF/UPF during switching which shall also be covered in the solution inspired by ATSSS. In order to achieve switching, the SMF updates the N4 session to replace the AN tunnel info with the AN tunnel info of the target PDU Session so that the service can be switched to the target PDU session. This handling is same as the handover procedure. SMF can initiate the PDU session release afterwards to ensure that one IP address is used by one PDU session as per existing mechanism. 
Proposal: solution inspired by PDU Session handover is considered as the baseline for the conclusion.
3. Conclusion and proposal(s)
Based on the above analysis and discussion, it is proposed that the session level switching mechanism is the preferred principle for DualSteer traffic switching which has less impacts on 5G system and can work on both single UE case and two separate UEs case.
Proposal: solution inspired by PDU Session handover is considered as the baseline for the conclusion.
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