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Abstract of the contribution:  The solution extends the RAN dual connectivity feature to provide two independent user plane paths through the network which may include both 3GPP and fixed segments.
Discussion
We propose a solution for Key Issue #1: Supporting high reliability by redundant transmission in user plane. The solution will enable a terminal device to set up two redundant PDU Sessions over the 5G network, so that the network will attempt to make the paths of the two redundant PDU sessions independent whenever that is possible. It is out of scope of this specific 3GPP solution to how to make use of the duplicate paths for redundant traffic delivery end-to-end. It is possible to rely on upper layer protocols, such as the IEEE TSN (Time Sensitive Networking) FRER (Frame Replication and Elimination for Reliability), to manage the replication and elimination of redundant packets/frames over the duplicate paths which can span both the 3GPP segments and possibly fixed network segments as well. Refer to S2-184861 for more details on how the IEEE TSN solution can make use of two independent networking paths. Other upper layer protocols, including IP based ones, can also be possible for redundant packet transmission over multiple paths or for managing a backup path in addition to the active path.
The overall solution is shown in the Figure below. The 3GPP network provides two paths from the device: the first PDU Session spans from the UE via gNB1 to UPF1 acting as the PDU Session Anchor, and the second PDU Session spans from the UE via gNB2 to UPF2 acting as the PDU Session Anchor. Based on these two independent PDU Sessions, two independent paths are set up, which may span even beyond the 3GPP network. In the example shown in the Figure below, we have two paths set up between Host A in the device and Host B, with some (optional) fixed intermediate nodes. The Redundancy Handling Function, RHF entities (out of 3GPP scope) that reside in Host A and Host B make use of the independent paths. The IEEE TSN FRER mentioned above is an example for a RHF. For Host A within the device, the two PDU Sessions appear as different networking interfaces, making the host multi-homed. Note that in the network side, other examples are also possible, where redundancy spans only up to an intermediate node and not to the endhost. 
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This solution is based on the Dual Connectivity feature that is supported both by LTE and NR. The Figure below illustrates the architecture view of the solution. A single UE has user plane connectivity with both a Master gNB (MgNB) and a Secondary gNB (SgNB). The RAN control plane and N1 are handled via the MgNB. The MgNB controls the selection of SgNB and the setup of the dual connectivity feature via the Xn interface. The UE sets up two PDU Sessions, one via MgNB to UPF1 acting as the PDU Session anchor, and another one via SgNB to UPF2 acting as the PDU session anchor. UPF1 and UPF2 connect to the same Data Network (DN), even though the traffic via UPF1 and UPF2 might be routed via different user plane nodes within the DN. UPF1 and UPF2 are controlled by SMF1 and SMF2, respectively, where SMF1 and SMF2 may coincide depending on operator configuration of the SMF selection. (Other 3GPP entities not relevant for this solution are not shown in the figure.) 
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The solution differs from the RAN based PDCP packet duplication function (see TS 38.300 section 16.1.3) which is internal to RAN, and the packet duplication takes place between the UE and the MgNB. In this solution, the redundant paths span the whole system including RAN, CN, and can possibly extend to Data Network beyond 3GPP scope as well. 

The solution has a number of assumptions to be applicable.

· RAN supports dual connectivity, and RAN coverage is sufficient for dual connectivity in the target area. 

· UEs support dual connectivity. 

· The core network UPF deployment is aligned with RAN deployment and supports redundant user plane paths.

· The underlying transport topology is aligned with the RAN and UPF deployment and supports redundant user plane paths. 

· The physical network topology and geographical distribution of functions also supports the redundant user plane paths to the extent deemed necessary by the operator. 

· The operation of the redundant user plane paths is made sufficiently independent, to the extent deemed necessary by the operator, e.g., independent power supplies. 

Note that the redundant network deployment aspects mentioned above are within the responsibility of the operator and are not subject to 3GPP standardization. 

The solution comprises the following main components. 

· The UE requests the establishment of a first and a second PDU Session. 

· The SMF determines that the PDU Session establishment is for a redundant PDU Session. This determination may be based on an explicit indication from the UE, or it may be based on network configuration. 
· The SMF also gets information about the identity of the MgNB in the case of the first PDU session, and about the identity of the SgNB (if available) in case of the second PDU session. 
· The UPF is selected based on the identity of the MgNB for the first PDU Session and based on the identity of the SgNB for the second PDU Session, so that the UPF is selected close to the appropriate gNB. The proper operator configuration of the UPF selection can ensure that the paths of the two PDU Sessions are independent. It is up to operator configuration to consider the independence of the paths also in the transport network. 
· The MgNB is informed about the two PDU Sessions which need to be handled redundantly. Based on that indication, the MgNB sets up dual connectivity in such a way that both the MgNB and the SgNB have an independent PDCP entity for handling the two independent user plane paths (i.e. setup of MCG bearer and SCG bearer for MgNB and SgNB, respectively). 
Proposal
We propose to add a new solution to TR 23.725 as follows.
* * * * Start of Changes * * * *
6.X
Solution for Key Issue #1: Redundant user plane paths based on dual connectivity
6.X.1
Description

The solution will enable a terminal device to set up two redundant PDU Sessions over the 5G network, so that the network will attempt to make the paths of the two redundant PDU sessions independent whenever that is possible. It is out of scope of this specific 3GPP solution to how to make use of the duplicate paths for redundant traffic delivery end-to-end. It is possible to rely on upper layer protocols, such as the IEEE TSN (Time Sensitive Networking) FRER (Frame Replication and Elimination for Reliability), to manage the replication and elimination of redundant packets/frames over the duplicate paths which can span both the 3GPP segments and possibly fixed network segments as well. Refer to Annex X for more details on how the IEEE TSN solution can make use of two independent networking paths. Other upper layer protocols, including IP based ones, can also be possible for redundant packet transmission over multiple paths or for managing a backup path in addition to the active path.
The overall solution is shown in the Figure below. The 3GPP network provides two paths from the device: the first PDU Session spans from the UE via gNB1 to UPF1 acting as the PDU Session Anchor, and the second PDU Session spans from the UE via gNB2 to UPF2 acting as the PDU Session Anchor. Based on these two independent PDU Sessions, two independent paths are set up, which may span even beyond the 3GPP network. In the example shown in the Figure below, we have two paths set up between Host A in the device and Host B, with some (optional) fixed intermediate nodes. The Redundancy Handling Function, RHF entities (out of 3GPP scope) that reside in Host A and Host B make use of the independent paths. The IEEE TSN FRER mentioned above is an example for a RHF. For Host A within the device, the two PDU Sessions appear as different networking interfaces, making the host multi-homed. Note that in the network side, other solutions are also possible, where redundancy spans only up to an intermediate node and not to the endhost.
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Figure 6.X.1-1: High level architecture with single device
This solution is based on the Dual Connectivity feature that is supported both by LTE and NR. The Figure 6.X.1-2 below illustrates the architecture view of the solution. A single UE has user plane connectivity with both a Master gNB (MgNB) and a Secondary gNB (SgNB). The RAN control plane and N1 are handled via the MgNB. The MgNB controls the selection of SgNB and the setup of the dual connectivity feature via the Xn interface. The UE sets up two PDU Sessions, one via MgNB to UPF1 acting as the PDU Session anchor, and another one via SgNB to UPF2 acting as the PDU session anchor. UPF1 and UPF2 connect to the same Data Network (DN), even though the traffic via UPF1 and UPF2 might be routed via different user plane nodes within the DN. UPF1 and UPF2 are controlled by SMF1 and SMF2, respectively, where SMF1 and SMF2 may coincide depending on operator configuration of the SMF selection. (Other 3GPP entities not relevant for this solution are not shown in the figure.) 
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Figure 6.X.1-2: Solution architecture

The solution differs from the RAN based PDCP packet duplication function (see TS 38.300 section 16.1.3) which is internal to RAN, and the packet duplication takes place between the UE and the MgNB. In this solution, the redundant paths span the whole system including RAN, CN, and can possibly extend to Data Network beyond 3GPP scope as well. 

The solution has a number of assumptions to be applicable.

· RAN supports dual connectivity, and RAN coverage is sufficient for dual connectivity in the target area. 

· UEs support dual connectivity. 

· The core network UPF deployment is aligned with RAN deployment and supports redundant user plane paths.

· The underlying transport topology is aligned with the RAN and UPF deployment and supports redundant user plane paths. 

· The physical network topology and geographical distribution of functions also supports the redundant user plane paths to the extent deemed necessary by the operator. 

· The operation of the redundant user plane paths is made sufficiently independent, to the extent deemed necessary by the operator, e.g., independent power supplies. 

Note that the redundant network deployment aspects mentioned above are within the responsibility of the operator and are not subject to 3GPP standardization. 

The solution comprises the following main components. 

· The UE requests the establishment of a first and a second PDU Session. 

· The SMF determines that the PDU Session establishment is for a redundant PDU Session. This determination may be based on an explicit indication from the UE, or it may be based on network configuration. 

· The SMF also gets information about the identity of the MgNB in the case of the first PDU session, and about the identity of the SgNB (if available) in case of the second PDU session. 

· The UPF is selected based on the identity of the MgNB for the first PDU Session and based on the identity of the SgNB for the second PDU Session, so that the UPF is selected close to the appropriate gNB. The proper operator configuration of the UPF selection can ensure that the paths of the two PDU Sessions are independent. It is up to operator configuration to consider the independence of the paths also in the transport network. 

· The MgNB is informed about the two PDU Sessions which need to be handled redundantly. Based on that indication, the MgNB sets up dual connectivity in such a way that both the MgNB and the SgNB have an independent PDCP entity for handling the two independent user plane paths (i.e. setup of MCG bearer and SCG bearer for MgNB and SgNB, respectively). 
Editor's Note:
The elaboration of these components and possible further impacts on the entities is FFS. 
Editor’s Note: The following aspects need further work: Mobility of the UEs, SMF selection, UPF selection and PCC role.
6.X.2
Procedures

Editor's note:
This clause describes services and related procedures for the solution.
6.X.3
Impacts on Existing Nodes and Functionality
SMF impacts:

· Determine, based on a combination of UE and network indication, whether a PDU session is to be handled redundantly.

· Select UPF based on the identity of the MgNB and SgNB for the first and second PDU session, respectively.

RAN impacts:
· Attempt to establish and maintain dual connectivity when the need for redundant user planes are indicated for a pair of PDU Sessions

· Set up dual connectivity in such a way that both the MgNB and the SgNB have an independent PDCP entity for handling the two independent user plane paths.

AMF impacts:

· Forward the relevant indications between RAN and SMF. 
UE impacts:

· Based on device configuration, trigger the setup of redundant PDU Session, with possible indication about the need for redundant handling. 

· An upper layer solution for the handling of the duplicate redundant paths with a corresponding configuration mechanism, both are out of 3GPP scope. Additionally, UE configuration mechanisms may be applied to trigger the establishment of duplicate PDU Sessions.  

6.X.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.
* * * * End of Changes * * * *
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