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[bookmark: _Toc462478989]Abstract of the contribution: This contribution proposes a solution for service continuity at EAS reselection based on having multiple PSAs coexisting at Edge relocation for the Session breakout model using LDNSR 
1	Introduction
This contribution proposes a solution to support service continuity at edge application server (EAS) relocation for the Session Breakout connectivity model. At Edge Relocation, the 5GC UP control provides multiple active Local PSAs for the UE PDU session, and it is assumed that the application could make use of the multiple active 5GC paths to achieve seamless EAS migration, by using existing application layer features. 
The solution complements solutions for “dynamic ULCL/Local PSA insertion". This contribution is based on the method “Simultaneous change of Branching Point or UL CL and additional PSA for a PDU Session” introduced for R16 and described in Clause 4.3.5.7 of TS 23.502 but focuses on the CN actions needed to setup a new ULCL/PSA to support the service continuity.
This solution is aligned with the principles of Generic Edge Relocation solution in S2-2004952 (referred to in the proposed text below as Solution #X). 
An enhancement to 5GC is proposed to optimize the basic solution for this scenario.
2	Proposal
It is proposed to have the following changes in TR 23.748:
* * * * 1st Change * * * *
[bookmark: _Toc22897107]6.0	Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
	Solutions
	Key Issues

	
	1
	2
	3
	5

	#Z: Service Continuity at Edge Relocation with DNS triggered insertion of BP/ULCL and Edge PSA
	
	X
	
	



* * * * 2nd Change (all new)* * * *
6.X	Solution #Z: Service Continuity at Edge Relocation with DNS triggered insertion of BP/ULCL and Edge PSA
[bookmark: _Toc500949099][bookmark: _Toc22214909]6.X.1	General
The solution addresses Key Issue #2: Edge Relocation. The UE is Edge Computing service agnostic, so it is unaware of the edge relocation. This solution supports the service continuity for the Session Breakout model, where the 5GC UP control provides multiple active Local PSAs for the UE PDU session. This is then similar to SSC mode #3 solution used for the Distributed anchor model as described in solution#23 and thus provides the same flexibility and advantages for the seamless EAS migration.
The solution complements solutions for dynamic ULCL/Local PSA insertion (e.g. Solution #22) where Dynamic ULCL/Local PSA insertion is triggered by the DNS messages for EAS FQDN resolution. That solution requires involvement of a function that coordinates EAS discovery using DNS and the 5GC connectivity for the application. This functionality is referred to as LDNSR in this solution and is described among other in Solution#22. 
This solution is based on the method “Simultaneous change of Branching Point or UL CL and additional PSA for a PDU Session” introduced for R16 and described in Clause 4.3.5.7 of TS 23.502 [3] and focuses on the CN actions needed to setup a new ULCL/PSA to support the service continuity.
This solution follows the principles of Generic solution for Edge Relocation for all connectivity models (Solution #X), with the particularities of the scenario of Dynamic ULCL/BP and Local PSA insertion:
-    The PDU session update to insert the new PSA happens in coordination with the EAS selection via DNS or via the proposed enhancement in the 5GC-AF runtime coordination.
Service continuity while re-connecting the UE to the new EAS is made possible by e.g., the following application features: 
[bookmark: _GoBack]-   Coordination at the Application Layer that allows an Application Client to inform the Application Server of a new EAS IP address (obtained via DNS), which may trigger EAS service context migration including providing instructions the Application client for the switch to the new EAS.
-   Coordination at the Application Layer that allows an Application Server to inform the Application Client of a new EAS IP address and trigger EAS service context migration and provide instructions to the Application Client for a smooth switch to the new EAS.
The procedure for the two variants of the solution are further described below:
1) Edge Relocation procedure 
2) Edge Relocation procedure optimized with coordination via AF
6.X.2	Procedures
6.X.2.1	Edge Relocation Procedure

[image: ]
Figure 6.x.2.1-1: Edge Relocation procedure 

For simplicity, the LDNSR is shown as an SMF function. Other placements or this function are possible (e.g. those proposed in Solution #22).
The procedure is as follows:
1.   The PDU Session is established
2.   Dynamic BP/ULCL & Local PSA insertion is triggered by the DNS messages with LDNSR involvement. LDNSR functionality includes selecting the traffic filters for the BP/ULCL considering the EAS in the DNS response and any local configuration for the EC Application. The Domain configuration in LDNSR includes domain preferences for edge relocation, like whether source PSA and target PSA need to coexist for some time to facilitate EAS relocation. 
NOTE: When LDNSR is not in SMF, the PDU Session modification request to SMF needs to convey these preferences
The traffic flows towards the Old EAS through the Source BP/ULCL and Source UPF(PSA2). 
3.   The SMF determines that simultaneous change of Source BP/ULCL and Source UPF (PSA2) is needed. The relocation may be triggered by UE mobility. 
4.   The SMF determines that session continuity upon ULCL relocation is to be used, that is, at change of BP/ULCL & Local PSA, the Target UPF (PSA3) and the Source (PSA2) need to coexist for some time. Then (as described in Clause 4.3.5.7 of TS 23.502 [2]): 
-    A temporary N9 forwarding tunnel is established between the Source ULCL and Target ULCL. This is described in TS 23.501 chapter 5.6.4.2 [1]. 
-    Current Source BP/ULCL and Source UPF (PSA2) are kept and a timer is started (the SMF could set inactivity timers for the traffic through the Source BP/ULCL and Source UPF (PSA2) to remove them after a period of inactivity). The filters in target BP/ULCL are provisioned to support session continuity during EAS relocation.
The UE traffic continues to reach the old EAS through the Source BP/ULCL and Source UPF (PSA2). This is useful especially while EAS relocation is being completed and allows the application client to switch to the new when it better suits the application (e.g. in coordination with the EAS(s)). 
5.   At some point, the UE sends a new DNS Query for the Application domain name resolution. The DNS Query is sent via target BP/ULCL & PSA1 to LDNSR. LDNSR influences the DNS resolution to force a DNS response with an EAS that is closest to target UPF (PSA3). The DNS response includes the new EAS selected and triggers LDNSR to request a PDU session update to provision the traffic filters in the target BP/ULCL. The filters are selected considering the EAS IP address in the DNS response and any local configuration for the EC Application. 
6.   Coordination via Application Layer allows the Application Client to inform the Application Server of the new EAS IP address obtained using DNS, which may trigger EAS service context migration. There may be instructions sent to the application client for how to proceed: e.g. continue to use the Old EAS, send traffic to both, or some other application specific procedure. Any traffic to the New EAS goes via Target BP/ULCL and Target UPF (PSA3) as provisioned in Step5.
7.   The Application client is instructed using Application Layer procedures to switch to New EAS. 
8.   The SMF removes the Source BP/ULCL and Source UPF (PSA2) after the timer started in Step 4 expires.
6.X.2.2	Edge Relocation procedure optimized with coordination via AF
This solution is intended for the case when source PSA and target PSA shall coexist and its purpose is to make EAS relocation no to depend on when the UE will be sending a new DNS query. Solution #24 proposes an alternative for the case when the source PSA and target PSA do not need to coexist at Edge relocation. In addition, this solution facilitates New EAS selection by Application Layer providing additional information (an IP subnet that is representative of the N6 interface of the target UPF).
Chapter 6.X.2.1 shows Dynamic ULCL/Local PSA update at edge relocation triggered by the DNS messages. This solution extends now the coordination of the 5GC connectivity and the Application layer to use also UP Path change notifications at Edge Relocation. 
This functionality with additional coordination is proposed to be part of SMF. It shares configuration and logic with LDNSR. The procedure below assumes LDNSR is also deployed as a function of SMF.


Figure 6.x.2.2-1: Edge Relocation procedure optimized with coordination via AF

In this procedure, the AF subscribes to notifications of UP Path change. Subscription should happen any time before Step 3 (TS 23.502 [3] chapters 4.3.6.2 and 4.6.3.4. specify the applicable procedures for session(s) or individual IP addresses (e.g. subscription could be triggered by user application traffic start)).
Then, the procedure is as follows:
1.   The PDU Session is established
2.   Dynamic BP/ULCL & Local PSA insertion is triggered by the DNS messages for Application Domain name resolution. That requires involving LDNSR whose functionality is described e.g. in Solution#22 and is provided by SMF. Among other it includes provisioning the traffic filters in the ULCL considering LDNSR configuration for the Domain and the EAS in the DNS response. The Domain configuration also includes domain preferences for edge relocation, like whether source PSA and target PSA need to coexist for some time to facilitate EAS relocation 
The traffic flows towards the Old EAS through the Source BP/ULCL and Source UPF(PSA2). 
3.   The SMF determines that simultaneous change of Source BP/ULCL and Source UPF (PSA2) is needed. The relocation may be triggered by UE mobility. 
4.    Based on the AF subscription, the SMF sends an early notification to the AF that is including the corresponding source and target DNAI. For the target DNAI, SMF includes also an IP subnet. This subnet is representative of the N6 interface of the target UPF (PSA3) (i.e. it is similar to the ECS added by LDNSR to DNS queries of EC Domains).The SMF does not proceed until it receives a positive response from the AF, as described in TS 23.501 [2] clause 5.6.7.
5.    Based on the information received in step 4, the AF determines that EAS relocation is needed, and it determines the new Edge AS. As an example, AF could use DNS and include the received IP subnet as ECS in the DNS query to resolve into the EAS that is closets to the target UPF (PSA3).
6.    The AF sends a Nsmf_EventExposure_AppRelocationInfo service operation to the SMF for this UE, as described in Clause 4.3.6.3 of TS 23.502. In this message, the AF acknowledges the notification. AF may provide N6 traffic routing information associated to the target DNAI. If an IP subnet was received, AF also provides the IP address of the selected EAS. At this stage the new path is not yet established, and any further action may be on hold till late nofication is received. 
7.   The SMF infers from the domain preferences for edge relocation of the application(s) steered via BP/ULCL & Local PSA in this PDU Session, that at change of BP/ULCL & Local PSA, the Target UPF (PSA3) and the Source UPF (PSA2) need to coexist for some time, that is that session continuity upon ULCL relocation is to be used (as described in Clause 4.3.5.7 of TS 23.502 [3}): 
-    A temporary N9 forwarding tunnel is established between the Source ULCL and Target ULCL. This is described in TS 23.501 5.6.4.2 [2]. 
-    Current Source BP/ULCL and Source UPF (PSA2) are kept and a timer is started (the SMF could set inactivity timers for the traffic through the Source BP/ULCL and Source UPF (PSA2) to remove them after a period of inactivity). The traffic filters in target BP/ULCL are provisioned to support session continuity during EAS relocation:
-   Traffic to Old EAS is steered through the Source BP/ULCL and Source UPF (PSA2) 
-   Traffic to the New EAS is steered through the target BP/ULCL and target UPF (PSA3) The filters are provisioned based on the Local configuration for the domain and the EAS received in the Nsmf_EventExposure_AppRelocationInfo service operation.   
8.    After Target BP/ULCL and Target UPF (PSA3) have been activated (Steps 2-8 in Figure 4.3.5.7-1 in TS 23.502 [3]), the SMF sends event exposure to AF (late notification) about the new UP path. If NEF is used, then this translates to Nnef_TraffcInfluence_Notify to the AF, as specified in Clause 4.3.6.3 of TS 23.502 [3].
The UE traffic continues to reach the old EAS through the Source BP/ULCL and Source UPF (PSA2). This is useful especially while EAS relocation is being completed and allows the application client to switch to the new when it better suits the application (e.g. in coordination with the EAS(s)). 
9.     Context migration between old and new EAS completes. 
10.    Application client is instructed for when and how to switch to the New EAS, using Application Layer procedures.  
11.  The SMF removes the Source BP/ULCL and Source UPF (PSA2) after the timer started in Step 7 expires.
6.X.3	Impacts on Existing Nodes and Functionality
1.  Impacts related to Dynamic ULCL/Local PSA update at edge relocation triggered by the DNS messages (aka LDNSR support), where very high level that includes:
-  Receiving the user DNS traffic, maps the User location into a candidate DNAI/Local PSA for the Application Traffic, and then either into a Local DNS or an Edge DN client subnet address. That information is then used in the DNS Query handling.
-  Triggering the PDU Session updated to add a Local PSA either Triggered by the DNS Query and the candidate PSA (bullet above), or triggered by the EAS selected by the DNS as received in the DNS response, 
Depending on the solution selected the NFs impacted and the details of the impact may vary.
2.  Impacts related to Extensions for service continuity as described in this solution for the Basic Procedure (chapter 6.x.2.1): 
-   LDNSR configuration of Domain preferences at Edge relocation (e.g. whether session continuity is to be used at ULCL change) 
-   Edge relocation preferences in the LDNSR request to SMF to trigger PDU Session Update for Dynamic ULCL/BP and Local PSA insertion (e.g. whether session continuity is to be used at ULCL change) - Not needed if LDNSR is an SMF function.

3.  Impacts related to Extensions for service continuity as described in this solution to optimize the edge relocation procedure (chapter 6.x.2.2):
-  SMF to determine, at edge relocation, the IP subnet that is representative of the N6 interface of the target UPF (PSA) for the target DNAI and to include it in the Nsmf_EventExposure_Notify (early) t the AF.
-  AF to determine, when Nsmf_EventExposure_Notify (early) is received with the IP subnet, the New EAS IP address and include it in the Nsmf_EventExposure_AppRelocationInfo service operation to the SMF.
-  SMF to provision the new BP/ULCL traffic filters based on LDNSR local configuration for the Domain and the EAS received in the Nsmf_EventExposure_AppRelocationInfo.

When LDNSR is not defined as an SMF function, some configuration and logic is duplicated in SMF and LDNSR:
-  The configuration and logic to select an IP subnet that is representative of the N6 interface of the target UPF (PSA) for the target DNAI.
-  The configuration and logic to determine the traffic filters to dynamically provision in the ULCL/BP based on the EAS selected.
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