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Abstract: This update adds procedures to enable multipath transmission using a Layer 3 UE to Network Relay without the need of deploying N3IWF or ATSSS. The solution improves the reliability and is transparent for the AS.
1. Introduction/Discussion
This contribution updates solution 27 to support two-path transmission via a Layer 3 UE to Network Relay without N3IWF or support in the application function.
Summary of the solution when using Layer 3 UE to Network Relay:
· The solution considers the general case where the Remote UE and U2N relay are using different UPFs. 
· The UPF used by the first path performs the role of anchor UPF and routes the traffic to and from the application function.
· A forwarding tunnel is established between the anchor UPF and the UPF of another path.
· The Remote UE triggers the establishment of multipath. 
· The solution is transparent to the AF 
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-33.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc101265185][bookmark: _Toc104480063][bookmark: _Toc101265181][bookmark: _Toc104480059][bookmark: _Toc324232213][bookmark: _Toc326248709][bookmark: _Toc22286587][bookmark: _Toc23317648][bookmark: _Toc97106877][bookmark: _Toc104480140]6.27	Solution #27: Remote UE traffic handling for Multi-Path with Layer-3 relay without N3IWF
[bookmark: _Toc101265186][bookmark: _Toc104480064]6.27.1	Description
This solution is related to the Key Issue #5: Support of multi-path transmission for UE-to-Network Relay, and it mainly focuses on supplementing the support for one direct network communication path with and one indirect network communication path established via Layer 3 UE-to-Network Relay without N3IWF.
In this solution, the triggers for the 5G ProSe Remote UE triggers the establishment ofto determine to use multi-path communication based on one or more of the following criteriawith can be the following:
-	Application provides multi-path requirements;
-	UE ProSe policy, UE ProSe policy contains multi-path usage indication which can be pre-configured or configured by the network;
-	UE implementation, e.g. based on the application layer high QoS requirement;.
-	Enhance URSP, RSD includes a new item "Multi-Path ProSe Layer-3 UE-to-Network Relay Offload indication".
When the 5G ProSe Remote UE determines to use the multi-path transmission based on the above triggers, the 5G ProSe Remote UE still follows the traffic handling for 5G ProSe UE-to-Network Relay support as described in clause 6.5.4 of TS 23.304 [3].
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]When to decide to use multi-path transmission with including the 5G ProSe Layer-3 relay without N3IWF path, the 5G ProSe Remote UE should have same understanding on the PDU session parameters usage on the direct network path and indirect network path, details can be seen in clause 6.27.2.1.
For the application with capability to integrate the traffic from multiple paths, the Remote UE can directly use direct and indirect path for multi-path transmission, the integration is up to application layer.
For the application without capability to integrate the traffic from multiple paths, the procedure in clause 6.27.2.2 is applied, in the procedure, the 5G ProSe Layer-3 UE-to-Network Relay UE provides the necessary information to the 5GC for the direct path and indirect path PDU sessions to be correlated. In case the two PDU sessions terminate at different UPFs, the 5GC creates a forwarding tunnel between the UPFs.
The UPF serving the originally established path performs the role of anchor UPF and routes the traffic to and from the application server while the UPF terminating the additional path receives the downlink data for the Remote UE from anchor UPF and sends the uplink data from the Remote UE to the anchor UPF. With reference to Figure 6.27.1-1, UPF-1 acts as anchor when the direct path was established first, UPF-2 acts as anchor when the indirect path via the Layer-3 UE-to-Network Relay path was established first.
NOTE:   Multi-path solution with Layer-3 relay without N3IWF defined in clause 6.27.2.2 across different PLMNs is not supported in this release.
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Figure 6.27.1-1: Multi-path transmission using a direct path and a path via Layer-3 UE-to-Network Relay without N3IWF. The UPF of the first path established acts as anchor path.
[bookmark: _Toc101265187][bookmark: _Toc104480065]6.27.2	Procedure for Remote UE traffic handling for Multi-Path with Layer-3 relay without N3IWF
6.27.2.1	Establishment of multipath transmission using Layer-3 UE-to-Network Relay


Figure 6.27.2.1-1: Multi-path transmission with using 5G ProSe UE-to-Network Relay without N3IWF
As described in clause 6.5.4 of TS 23.304 [3], the application traffic on the 5G ProSe Remote UE is managed by URSP rules, the 5G ProSe Remote UE establishes indirect or direct path as the first path to use the 5G ProSe UE-to-Network Relay without N3IWF path based on whether the selected RSD containsing the component of "5G ProSe Layer-3 UE-to-Network Relay Offload indication". When to consider multipath transmission, The 5G ProSe Remote UE triggers the establishment the second path when multipath transmission is desired, for example, the first path cannot satisfy the QoS requirement of the application following may be some steps to determine PDU session parameters of another path:traffic. When establishing the second path, the Remote UE determines the parameters of the second path using the following procedure:
-	If the selected RSD contains the "5G ProSe Layer-3 UE-to-Network Relay Offload indication", then the indirect network path is 5G ProSe Layer-3 UE-to-Network Relay, then to determine the direct network path:
-	The 5G ProSe Remote UE determines the PDU session parameters (PDU Session type, DNN, SSC Mode, S-NSSAI, Access Type Preference) based on the UE ProSe policy as described in clause 5.1.4.1 of TS 23.304 [3].
-	The 5G ProSe Remote UE takes the above determined PDU session parameters as the PDU session parameters of the direct network path, and to evaluate the existing PDU sessions, or establish a new PDU session.
-	If the selected RSD does not contain the "5G ProSe Layer-3 UE-to-Network Relay Offload indication" and it determines to use direct network path as the first path, then to determine the indirect network path:
-	If there is the configurations for 5G ProSe Layer-3 UE-to-Network Relay without N3IWF and the 5G ProSe Layer-3 UE-to-Network Relay without N3IWF is selected as the indirect path, the 5G ProSe Layer-3 Remote UE takes UE ProSe policy as described in clause in clause 5.1.4.1 of TS 23.304 [3] to determine the RSC and corresponding PDU session parameters for the indirect network path setup.
NOTE:	Multi-path including Layer-3 relay without N3IWF establishment procedure is to be addressed in other solutions.
Another option is that the indirect path and direct path are always established for transmitting the application traffic based on URSP rules. The 5G ProSe Remote UE establishes the indirect path and direct path based on the selected RSD containing the new component of "Multi-Path 5G ProSe Layer-3 UE-to-Network Relay Offload indication". Either the indirect path or direct path can be used as the first path based on UE implementation. The 5G ProSe Remote UE can trigger the establishment of the indirect path and direct path consecutively in either order. The PDU session parameters together with "Multi-Path 5G ProSe Layer-3 UE-to-Network Relay Offload indication" in the selected RSD are used as the PDU session parameters for the direct path, and the RSC used for the indirect path can be decided by ProSe policy as per Rel-17.
6.27.2.2	Procedure
Figure 6.27.2.2-1 illustrates the procedure for establishing multipath transmission via a Layer 3 UE-to-Network relay by correlating direct path and indirect path. Steps 1a-2a illustrate the scenario1where an indirect path via a Layer-3 UE-to-Network Relay is added to an existing direct path; steps 1b-2b illustrate the scenario where a direct path is added to an established indirect path via a Layer-3 UE-to-Network Relay. The remaining steps are common to both scenarios.
When establishing the second path, the Remote UE determines the PDU session parameters of the second path as specified in clause 6.27.2.1.
In this procedure, we always assume that AMF-1, SMF-1 and UPF-1 serve the PDU session of the Remote UE using the direct path, and AMF-2, SMF-2 and UPF-2 serve the PDU session of the Layer 3 UE-to-Network Relay in the indirect path. Which UPF performs the role of anchor UPF depends on which PDU session was first established, i.e. for scenario 1 the UPF-1 performs the role of anchor UPF and for scenario 2 the UPF-2 performs the role of anchor UPF.



Figure 6.27.2.2-1: Establishment of multipath transmission using Layer-3 UE-to-Network RelayLayer-3 
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0.	The Remote UE is authorized by network to use Layer-3 multipath transmission with Layer-3 UE-to-Network Relay. The Layer-3 UE-to-Network Relay is authorized by network to provide indirect path for Remote UE performing Layer-3 multipath transmission with a Layer-3 UE-to-Network Relay.
1a.	The Remote UE establishes PDU session-1 and QoS flow-1 as defined in TS 23.502 [8] for direct path. This PDU session is served by UPF-1. The remote UE exchanges data with an Application Server via UPF-1.
1b. The Remote UE establishes indirect path as defined in TS23.304 [3], during this procedure, The Layer-3 UE-to-Network Relay may establish or modify PDU session-2 and QoS flow-2 to relay the traffic of the Remote UE. T PDU session-2 is served by UPF-2. The remote UE exchanges data with an Application Server via UPF-2.
2a. Same as 1b.
2b. Same as 1a.
3. 	The Remote UE request Layer-3 UE-to-Network to modify one-to-one communication as defined in TS 23.304 [3] with following additions:
The Remote UE provides "L3 relay multipath" that indicates to the Layer-3 UE-to-Network Relay that the Remote UE intends to use the indirect path via the Layer-3 UE-to-Network Relay in a multipath configuration.
The Remote UE sends its 5G-GUTI, the PDU session ID and QFI that it uses for multipath transmission. This information will be used for correlating the direct and indirect communication paths in the core network.
The anchor path that indicates which path should be configured as anchor path. For scenario 1, the anchor path is the direct path and for scenario 2, the anchor path is the indirect path.
The Remote UE also indicates Layer-3 UE-to-Network Relay PC5 QoS flow Identity on which traffic data is subject to multipath transmission.
The Remote UE may also indicate PC5 QoS rule if only some traffic on a PC5 QoS flow is subject to multipath transmission.
4.  The Layer-3 UE-to-Network Relay initiates the PDU Session Modification procedure transmitting a NAS message (N1 SM container (PDU Session Modification Request)) to AMF-2 as defined in TS 23.502 [8] with the additional parameters in NAS: "L3 relay multipath", Layer-3 UE-to-Network Relay PDU session ID (PDU session ID-2) and QFI (QFI-2) or QoS rule (QoS rule-2) used for the Remote UE traffic, Remote UE 5G-GUTI ,Remote User ID, PDU session ID-1 and QFI(QFI-1) or QoS rule (QoS rule-1) for the data for Layer-3 multipath transmission and anchor path.
5. AMF-2 uses the Remote UE 5G-GUTI to determine AMF-1 which serves the Remote UE and gets the address of the SMF that serves the PDU session ID-1 (SMF-1).
Step6~step11 are used to establish tunnel between UPF1 and UPF2 to forwarding data for multipath transmission.
6.	AMF-2 requests SMF-2 to modify the PDU session using Nsmf_PDUSession_UpdateSMContext Request as defined in TS 23.502 [8]. In this step, AMF-2 forwards the additional parameters received in step 4 to SMF-2 with the addition of the address of SMF-1.
7a. The SMF-2 sends an N4 Session Modification Request to the UPF-2.
If the SMF-2 supports the Layer-3 UE-to-Network Relay multipath transmission, SMF-2 instructs UPF-2 to establish a forwarding tunnel (CN downlink Tunnel for scenario 1 or CN uplink Tunnel for scenario 2).
Based on the Remote User ID, the SMF-2 retrieves the Remote UE info and generate PDR for UPF-2 to identify traffic data of the Remote UE for multipath transmission.
If anchor path is the direct path (scenario 1), SMF-2 instruct UPF-2 to send the uplink data received from UPF-1 via forwarding tunnel to the Application Server. 
If anchor path is the indirect path (scenario 2), SMF-2 instruct UPF-2 to send a copy of the downlink data for Layer-3 multipath transmission to UPF-1.
7b. UPF-2 acknowledges the request to establish a tunnel by sending an N4 Session Modification Response.

UPF-2 provides CN downlink Tunnel for scenario 1 or CN uplink Tunnel for scenario 2 to SMF-2.
8.	SMF-2 sends Nsmf_PDUSession_UpdateSMContext Request as defined in TS 23.502 [8] to SMF-1 with the following parameters: "L3 relay multipath", Remote UE SUPI, Remote UE PDU session ID (PDU session ID-1) and QFI (QFI-1) or QoS rule (QoS rule-1) and anchor path.
9a. SMF-1 sends an N4 Session Modification Request to the UPF-1.
If SMF-1 supports Layer-3 multipath transmission for the Remote UE, SMF-1 provides UPF-1 the information about the CN downlink/uplink Tunnel info established in step 7.
The SMF-1 also instructs UPF-1 to establish a forwarding channel (CN uplink Tunnel for scenario 1 or CN downlink Tunnel for scenario 2). 
If anchor path is the direct path (scenario 1), SMF-1 also instruct UPF-1 to send a copy of the downlink data for Layer-3 multipath transmission to UPF-2.
If anchor path is the indirect path (scenario 2), SMF-2 instruct UPF-2 to send the uplink data received from UPF-2 via forwarding tunnel to the Application Server.
9b. UPF-1 acknowledges by sending an N4 Session Modification Response.

UPF-1 provides CN uplink Tunnel Info (scenario 1) or CN downlink Tunnel Info (scenario 2) as forwarding tunnel to SMF-1.
10.	SMF-1 to SMF-2: Nsmf_PDUSession_UpdateSMContext Response (CN Uplink/Downlink Tunnel Info).
11a. SMF-2 sends an N4 Session Modification Request to the UPF-2(CN uplink Tunnel Info (scenario 1) or CN downlink Tunnel Info (scenario 2)).
11b. The UPF-1 acknowledges by sending an N4 Session Modification Response.
12-13.The traffic data applied to Layer-3 multipath transmission are transmitted both on direct path (12a for scenario 1 and 13a for scenario 2) and indirect path (12b for scenario 1 and 13b for scenario 2) based on the Layer-3 multipath transmission strategy (switching/redundancy).

For the data to be transmitted on the first path, the Remote UE generates IP packets based on IP address and port number of the first path

For the data to be transmitted on the second path, the following manipulation of the IP header is enhanced for the uplink and downlink as following:
Uplink
· The Remote UE sets two IP headers, the inner IP header is generated with the IP address and port of the first path, and the outer IP header is generated with the IP address and port of the second path.
· The UPF that serves the first path removes the outer IP header received from the UPF that serves the second path and performs IP layer elimination and sorting for the data from two path.
Downlink
· The Remote UE removes the outer IP header and performs IP layer elimination and sorting for the data from two path.
· The UPF that serves the second path adds an additional IP header for the data received from the UPF that serves the first path based on the IP address and port number assigned for the Layer-3 UE-to-Network Relay that serves the Remote UE (scenario 1) or the IP address and port number assigned to the Remote UE (scenario 2).
[bookmark: _Toc101265188][bookmark: _Toc104480066]6.27.3	Impacts on Existing Nodes and Functionality
The solution has impacts on the following entities:
Remote UE(s):
-	Support multi-path transmission.
[bookmark: _Toc101265184][bookmark: _Toc104480062]-	Can determine the PDU session parameters based on another path without URSP evaluation for multi-path transmission with including the 5G ProSe Layer-3 relay without N3IWF path.
-	Support packet replication and elimination for two paths.
-	Provides Remote UE 5G-GUTI and direct path’s PDU session info to Layer-3 UE-to-Network Relay.
-  Support IP in IP address encapsulation.
Layer-3 UE-to-Network Relay:
-  Provide both direct and indirect path’s PDU session info to Core network for correlation of two PDU sessions
PCF:
· Support authorisation for both the Remote UE and Layer-3 UE-to-Network Relay with Layer-3 multipath transmission.
SMF:
· Support enhanced PDR for Layer-3 multipath transmission.
UPF:
· Support IP data handling and forwarding based on PDR for Layer-3 multipath transmission.
* * * * End of changes * * * *
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