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Abstract of the contribution: This contribution proposes updates to Solution #1.13 ("DualSteer solution based on ATSSS”) within TR23.700-54 v0.3.0. 
Discussion
This contribution updates Solution #1.13 within TR 23.700-54 v0.3.0, to address Editor’s Notes. The updates are provided inline for each one of the Editor’s Notes.

Proposal
It is proposed to incorporate the following updates for Solution #1.13 within TR 23.700-54:


**** First Change ****

[bookmark: _Toc164918817]6.1.13	Solution #1.13: DualSteer solution based on ATSSS
[bookmark: _Toc164918818]6.1.13.1	Introduction
The solution specified in this clause defines extensions to the existing ATSSS procedures to support an MA PDU Session with two 3GPP access paths and (optionally) with one non-3GPP access path. The solution applies to a DualSteer device equipped with two different USIMs. Its impact on the 5G network functions is minimal and does not require extensions to the 5G registration procedure.
[bookmark: _Toc164918819]6.1.13.2	High-level Description
The key principles of the solution are presented below with the aid of Figure 6.1.13.2-1. In this figure, it is assumed that the two 3GPP access paths (3GPP path #1 and 3GPP path #2) are established via different PLMNs. However, the solution is also applicable to scenarios where the two 3GPP access paths are established via the same PLMN. This figure assumes also that MPTCP is used between the DualSteer device and UPF, but MPQUIC may also be used.
1)	The DualSteer device registers with PLMN-1 and with PLMN-2 using the existing procedures.
2)	The DualSteer device establishes a normal single-access PDU Session with PLMN-1 using the existing procedures.
3)	The DualSteer device establishes a MA PDU session with PLMN-2 using the existing ATSSS procedures. However, during the MA PDU Session establishment the DualSteer device indicates that the MA PDU Session should support an "external" access path. The external access path terminates to UPF in PLMN-2 via the N6 interfacea dedicated interface, as shown in Figure 6.1.13.2-1. If needed, the DualSteer device may indicate also the PLMN via which the external access path should be supported.
4)	If PLMN-2 authorizes the external access path to be supported in the MA PDU Session, then it provides to the DualSteer device another IP address, called the "external IP address". All traffic sent by DualSteer device to the external IP address via PLMN-1, reaches the UPF of the MA PDU Session via N6the dedicated interface (see “3)” above), as shown in Figure 6.1.13.2-1.
5)	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. This packet is sent via 3GPP access in PLMN-1 and contains the MP_JOIN option and other parameters specified in RFC 8684. The MP_JOIN indicates that the TCP sub-flow via the external path will join the existing MPTCP connection.
6)	The existing ATSSS rules and the N4 rules are extended to specify which traffic should be routed via the external access path. The ATSSS rules and the multiaccess N4 rules created by the network, are defined such that they do not trigger UL/DL traffic splitting between the two 3GPP access paths.
NOTE 1:	In case one of the Ues UEs (for a DualSteer device comprising two UesUEs), or the UE (for a DualSteer device comprising one dual-USIM UE), cannot register in a PLMN (e.g. PLMN-2) using one of the available USIMs, traffic continues to be served by the other PLMN wherein a successful registration has been performed and PDU session has been established (e.g. traffic will continue to be served by PLMN-1). This solution assumes separate registrations to each of the two PLMNs.
Editor’s Note 1: 
[bookmark: _Hlk166868039]Editor's note:	How to handle the case where there is no (or no longer) connectivity over PLMN-2 is FFS.
When an access path becomes unavailable (e.g., due to connectivity issues), this is identified by the DualSteer device and by the MPTCP / MPQUIC proxy in UPF, and it is not further used for uplink and downlink data traffic. When both access paths with PLMN-2 become unavailable, all data traffic will be transmitted over 3GPP access via PLMN-1 only. If the MA PDU Session in PLMN-2 is released, the MPTCP proxy in UPF will release the MPTCP connection(s) by sending DATA_FIN to the DualSteer device via PLMN-1. In response, the DualSteer device will not send further data traffic to MPTCP proxy. The same approach will be applied with MPQUIC.

NOTE 2:	Since, according to the SA1 WID and the SA2 SID, the two SUPIs of the DualSteer device should belong to the same operator, PLMN-1 is considered V-PLMN and PLMN-2 is considered H-PLMN. The PDU session established over the V-PLMN (PLMN-1) is a LBO PDU session and the DualSteer device encapsulates the traffic, destined to the remote host, to the MPTCP proxy. This is depicted in Figure 6.1.13.2-1 as the "blue line".
NOTE 3:	The registration policy (i.e. PLMN selection), and subscription policy aspects, are not in the scope of this solution.
NOTE 4:	The policies related to DualSteer device's traffic steering and switching, and their enforcement, including the simultaneous and non-simultaneous transmission aspects, are based on the existing ATSSS principles and procedures, and are realized by further extending the ATSSS rules and N4 rules to support DualSteer specific mechanisms.

[bookmark: _Hlk166868449]Editor’s Note 2:
Editor's note:	How to provide DualSteer specific policies by ATSSS rules and N4 rules is FFS.
The ATSSS rules are provided to the DualSteer device and the N4 rules are provided to UPF according to the existing procedures specified in Rel-18. There rules are extended to indicate also what traffic should be routed via the external access path.

[bookmark: _Hlk166868757]Editor’s Note 3: 
Editor's note:	How to enforce non-simultaneous transmission constraints across multiple PDU Sessions is FFS.
The ATSSS rules provided to the DualSteer device and the N4 rules provided to UPF can be constructed such as to avoid simultaneous transmission across two 3GPP accesses. For example, these rules can indicate that all data traffic shall be steered using the Active-Standby steering mode, where one 3GPP access is the primary access and the other 3GPP access is the standby access. Similarly, these rules can indicate that all data traffic shall be steered using the Smallest-Delay steering mode, so only one 3GPP access will be used (the one with the smallest delay).

NOTE 5:	There is no change in notion of the MA PDU session, compared to how it has been specified in Rel-18. The MA PDU session established over PLMN-2, comprises one 3GPP and one non-3GPP access path, and the UL/DL traffic which is selected to be conveyed using this MA PDU, is transferred over the 3GPP access and over the non-3GPP access path of this specific MA PDU session (i.e. the 3GPP and the non-3GPP access paths in PLMN-2) according to, the extended with the DualSteer specific mechanisms, ATSSS and N4 rules. The UL/DL traffic that is selected to be conveyed, according to the extended ATSSS and N4 rules, over the external access path, still utilizes the single access PDU session established over the 3GPP access in PLMN-1. Thus, the only modification related to the MA PDU session is on the MA PDU session establishment request message, which needs to include an additional element indicating the DualSteer device's will to support an external access path via another PLMN (i.e. PLMN-1) over which, it has successfully established a single-access PDU session over a 3GPP access path. This indication assists the network in deriving the extended ATSSS and N4 rules which essentially indicate how the UL and how the DL traffic should be routed over the three access paths (one 3GPP and one non-3GPP access path of the MA PDU in PLMN-2, and one external 3GPP access path of the single-access PDU in PLMN-1).

Editor’s Note 4:
Editor's note:	It is FFS how the MPTCP integrates the 3GPP path#2 without the impact on the existing MA PDU session in PLMN-2.
When the MA PDU Session is created, both the DualSteer device and the UPF are informed that it can comprise an external access path.





Figure 6.1.13.2-1: DualSteer solution based on ATSSS and using an external access path
NOTE 6:	The above figure shows an example scenario where MPTCP is used. However, the solution also supports MPQUIC.
Editor’s Note 5:
Editor's note:	The detailed procedures of the solution including the detailed enhancements to the MA PDU Session establishment are FFS.
The detailed procedure of the proposed solution is appended in subsection 6.1.13.3 Procedures.

Editor’s Note 6:
Editor's note:	The DualSteer device's internal architecture is FFS.
The DualSteer device’s internal architecture envisioned within the current contribution is a dual-USIM UE. However, the solution does not preclude other DualSteer device architectures, where i.e., the DualSteer device comprises two separate UEs (see Figure 6.1.13.2-2 below). This contribution does not define the detailed internal implementation aspects of the DualSteer device; however, the proposed solution is expected to accommodate both DualSteer device architectures.



[bookmark: _Hlk166869691]Figure 6.1.13.2-2: Example architecture of DualSteer device in case of two different UEs

Editor’s Note 7:
Editor's note:	Security implications associated with the exposure of an external IP address by UPF for incoming traffic should be studied by SA3.
Editor’s Note 8:
Editor's note:	The connection between the 4G/5G Core in PLMN-1 and the UPF in PLMN-2, as depicted in Figure 6.1.13.2-1, is FFS.
Fig. 6.1.13.2-1 has been updated and is already indicating that the connection between 4G/5G Core in PLMN-1 and the MPTCP proxy residing within the UPF in PLMN-2, is established over a new interface which is interconnecting the UPF in PLMN-1 with the UPF in PLMN-2. This interface is different from the N6 interface which is dedicated for communication with the DN.
**** Next Change (new text) ****

6.1.13.3	Procedures
The detailed procedure used to establish a MA PDU Session with an external access path is shown in the figure below.



Figure 6.1.13.3-1: Procedure to support DualSteer solution based on ATSSS using an external access path

0.	Using USIM-1, the DualSteer device registers with PLMN-1 over 3GPP access (such as 3GPP non-terrestrial access). Subsequently, the DualSteer device establishes a single-access PDU Session over PLMN-1. For this PDU Session, the DualSteer device is assigned an IP address, notated as IP@x.
1.	Using USIM-2, the DualSteer device registers with PLMN-2 over 3GPP access and/or over non-3GPP access. The AMF-2 is allocated to serve this DualSteer device in both accesses. It is assumed below that the DualSteer device is registered with PLMN-2 over both accesses, however, it may be registered only over one of these accesses.
4.	The DualSteer device decides to establish a MA PDU Session with PLMN-2, which should be able to support an external access path over PLMN-1.
5.	The DualSteer device requests the MA PDU Session by sending an UL NAS Transport message to AMF-2, which contains an MA PDU Request indication and a PDU Session Establishment Request message. In addition, it contains an External Access Path Request (EAPR) element, which indicates that the DualSteer device wants the MA PDU Session in PLMN-2 to support an access path over PLMN-1, i.e., an access path external to PLMN-2, referred to as the external access path. The EAPR element contains the identity of PLMN-1 and the IP address (i.e., IP@x) that will be used by the DualSteer device to send traffic via the external access path.
	The DualSteer device may also include in the PDU Session Establishment Request message, either inside or outside the EAPR element, an indication that specifies whether it can support simultaneous transmission over the external access path and over an access path in PLMN-2. This indication can be considered by the PCF later (in step 9) when creating the PCC rules for the MA PDU Session. For example, this indication may specify that the DualSteer device cannot support simultaneous transmission over the external access path and over the 3GPP terrestrial access path in PLMN-2.
6.	The AMF-2 selects an SMF in PLMN-2 (i.e., SMF-2) and sends to the selected SMF a Create Session Management (SM) Context Request message that contains the PDU Session Establishment Request and the EAPR element.
7.	In response, the SMF-2 selects a PCF in PLMN-2 (i.e., PCF-2) and sends to the selected PCF a SM Policy Control Create Request message containing the EAPR element.
8.	The PCF-2 determines, based on the EAPR element, that the DualSteer device wants the requested MA PDU Session to support an access path over PLMN-1. Based on local policy or configuration information, the PCF-2 decides to authorize the requested external access path for the MA PDU Session. This authorization may be granted, for example, because the local policy or configuration information indicates that external access paths over PLMN-1 are allowed by the operator of PLMN-2.
9.	The PCF-2 creates SM policy for the requested MA PDU Session and a plurality of PCC rules, each one indicating how selected traffic should be routed across the access paths of the MA PDU Session in PLMN-2. For example, a PCC rule may indicate that the traffic of app-X should be routed to the access path in PLMN-2, which features the smallest delay across all access paths in PLMN-2. In addition, however, a PCC rule may indicate what traffic should be routed via the external access path over PLMN-1. In another example, a PCC rule may indicate that the traffic of app-Z should be sent over the external access path in PLMN-1, when available, and, when not available, it should be sent over an access path in PLMN-2 (i.e., Access-Standby).
	For creating the PCC rules, the PCF-2 may consider the EARP indication provided by the DualSteer device in step 5. This indication is transferred from AMF-2 to SMF-2 and then to PCF-2.
10.	The PCF-2 sends a SM Policy Control Create Response message to SMF-2, which includes the created PCC rules and an External Access Path Info (EAPI) element. The EAPI element comprises information that can be used to determine whether the traffic received via the external access path originates really from PLMN-1. For example, the EAPI element may comprise a range of IP addresses, which the PLMN-1 allocates to PDU Sessions established in PLMN-1. This range of IP addresses would contain the IP@x allocated to DualSteer device in step 0b.
11.	The SMF-2 selects a UPF (i.e., UPF-2) and sends to the selected UPF an N4 Session Establishment Request message to reserve user-plane resources to support data communication for the requested MA PDU Session. This message contains the EAPI element received from PCF-2 and N4 rules that indicate to UPF-2 how to route the DL data traffic of the MA PDU Session across the access paths in PLMN-2. In addition, an N4 rule may indicate what DL data traffic should be sent to DualSteer device via the external access path over PLMN-1. The N4 rules are derived by SMF-2 from the PCC rules received by PCF-2.
12.	The UPF-2 assigns an IP address for the MA PDU Session, as normally. The UPF-2 may also assign another “external” address, which will be used for communicating with the DualSteer device via the external access path over PLMN-1.
13.	The UPF-2 responds to SMF-2 by sending an N4 Session Establishment Response message. This message contains the IP address assigned to the MA PDU Session as well as other parameters, such as an MPTCP proxy address and port in UPF-2, Measurement Assistance Information, etc.
14.	The SMF-2 responds to message 6 sent by AMF-2 with a Create SM Context Response message.
15.	The SMF-2 creates a PDU Session Establishment Accept message, embeds this message into an N1N2Message Transfer Request and sends it to AMF-2. The AMF-2 responds with an N1N2Message Transfer Response message and, also, sends a DL NAS Transport message to the DualSteer device that contains the PDU Session Establishment Accept message.
	The PDU Session Establishment Accept message contains ATSSS rules derived by SMF-2 from the PCC rules received by PCF-2. The ATSSS rules indicate to the DualSteer device how to route the UL data traffic of the MA PDU Session across the access paths in PLMN-2. In addition, an ATSSS rule may indicate what UL data traffic should be sent to UPF-2 via the external access path over PLMN-1.
	After this step, the user-plane resources across the access paths in PLMN-2, e.g., across a 3GPP terrestrial access path and/or a non-3GPP access path, are established. Hence, multi-access data communication between the DualSteer device and UPF-2 can initiate across these access paths in PLMN-2.
16.	The DualSteer device wants to start communication with a remote host via the MA PDU Session in PLMN-2. Based on the received ATSSS rules, the DualSteer device decides that this communication should go through the MPTCP proxy in UPF-2. This triggers the establishment of a new MPTCP connection between the DualSteer device and the MPTCP proxy in UPF-2, which is configured to support a TCP sub-flow over the 3GPP access path in PLMN-2 and a TCP sub-flow over the non-3GPP access path in PLMN-2. Each TCP sub-flow carries part of the TCP traffic exchanged between the DualSteer device and the remote host.
In the UL direction, the MPTCP proxy combines the TCP traffic received over the two access paths in PLMN-2 (or the two TCP sub-flows) and forwards this traffic to the remote host. In the DL direction, the MPTCP proxy distributes the TCP traffic received from the remote host and forwards this traffic to the DualSteer device across the two access paths in PLMN-2 (or the two TCP sub-flows). 
Note that the ATSSS rules and N4 rules have been derived so that DualSteer specific mechanisms are supported and thus splitting of traffic belonging to a particular service, is prohibited.
17.	Since the UPF-2 received the EAPI element in step 11 and assigned itself an “external” IP address (step 12) for supporting traffic via the external access path over PLMN-1, the MPTCP proxy in UPF-2 advertises the availability of the second address. This is done by the address advertisement mechanisms supported by the MPTCP protocol, i.e., it sends a TCP packet to the DualSteer device including the ADD_ADDR option. This indicates to the DualSteer device that it can communicate with the MPTCP proxy by using also this “external” address. Note that, when an external access path for the MA PDU Session is not supported, the MPTCP proxy does not advertise additional addresses and does not send message 17.
	When the DualSteer device receives the second address advertised by the MPTCP proxy, it determines that this address can be used to communicate with the MPTCP proxy via the external access path over PLMN-1.
20.	Based on the ATSSS rules and DualSteer policies, the DualSteer device determines that some traffic (entire traffic of a particular service) of the existing MPTCP connection should be sent via the external access path over PLMN-1. For example, an ATSSS rule may specify that the traffic of a selected application should be sent over the external access path.
This ATSSS rule triggers the DualSteer device to request the establishment of a TCP sub-flow with the MPTCP proxy via the external access path by sending a TCP_SYN packet to the “external” address of UPF-2. This packet is sent via PLMN-1 (i.e., via the radio access in PLMN-1 and via UPF-1) and contains the MP_JOIN option and other parameters specified in the MPTCP specification (see RFC 8684). The MP_JOIN indicates that the TCP sub-flow via the external path will join the existing MPTCP connection established in step 16b.
21.	The UPF-2 authenticates the join request sent by the DualSteer device using the mechanisms specified in the MPTCP specification. In addition, the UPF-2 applies the EAPI received in step 11 to confirm that the join request originates really from PLMN-1 (and not from another PLMN). For example, the UPF-2 may confirm that the source address of the received TCP_SYN packet is within the range of IP addresses contained in the EAPI element. 
22.	The MPTCP join procedure is completed and the existing MPTCP connection between the DualSteer device and the MPTCP proxy in UPF-2 now has three paths: a first over the 3GPP access path in PLMN-2, a second over the non-3GPP access path in PLMN-2 and a third over the external access path via PLMN-1. Each access path carries a separate TCP sub-flow, hence, the MPTCP connection is composed of three TCP sub-flows.
23.	Finally, the traffic of the MPTCP connection between the DualSteer device and the MPTCP proxy in UPF-2 is exchanged across the above three access paths. This is shown schematically in Fig. 6.1.13.2-1. Note that the DualSteer device and the UPF-2 can exchange data traffic, not only via the two access paths in PLMN-2 (#1 and #2), but also via an access path over PLMN-1 (#3). The MPTCP client in the DualSteer device is the component that communicates with the MPTCP proxy in the UPF-2.

**** End of Changes ****
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