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1. Discussion
[bookmark: _Toc519004414]The contribution addresses the following Editor’s notes: 
Editor's note:	The DNS sequence of the above procedure needs further clarification.
The corresponding alternative has been removed from the solution. 
Editor's note:	How to perform charging for local routed traffic in VPLMN is FFS.
To support charging in both PLMNs, the V-SMF provides Usage Reporting Rules to the UL-CL/BP and local PSA to collect Usage Report for charging in VPLMN and conveys usage reporting to H-SMF.
Editor's note:	How to support UE and/or Application mobility is FFS.
The relocation procedure due to UE and/or Application mobility has been clarified in a new clause.
In addition, some clarification details have been added regarding the option for H-SMF to monitor, assist and validate the V-SMF decision and how V-SMF receives EC related configuration and policies. 
[bookmark: _Toc517082226]* * * * 1st change * * * *
[bookmark: _Ref93394262][bookmark: _Toc97268160]6. 25	Solution 25 (KI#1): EAS discovery in VPLMN via V-EASDF for a HR PDU Session
[bookmark: _Toc106120915]6.25.1	High level description
The solution addresses a scenario where the UE accesses EHE in VPLMN via a HR PDU Session for the two sub-scenarios 2.1 and 2.2. in clause 5.1.2. In addition, the solution includes an option that allows the HPLMN to monitor, assist and validate VPLMN decisions for accessing EHE when that has been triggered by HPLMN (scenario 2.1).
The authorization for the traffic offload for a HR PDU Session with given S-NSSAI and DNN is received by the AMF from the UDM, based on a "HR-LBO allowed" indication in the UE subscription data.
For In scenario 2.1, HPLMN has the knowledge of EAS Deployment information (EDI) in VPLMN for specific areas. In this solution, EDI Information structure in TS 23.548 [3] Table 6.2.3.4-1 does not require VPLMN DNAIs, which simplifies the information exchanged between all parties (VPLMN DNAIs in EDI to HPLMN requires that Home MNO understands the VPLMN DNAIs, that HPLMN shares them then with the Service providers (SPs) it has agreements with, and that SPs provide EDI related to VPLMN DNAIs and modify it if VPLMN DNAIs change). In this solution, EDI information is structured and grouped based on common steering needs e.g. same SP EHE. there may be an As part of SLA between the HPLMN and VPLMN, that specifies HPLMN provides the list of EC FQDNs and/or traffic descriptors (e.g. destination IP ranges) for the traffic that would require access to EHE in VPLMN to trigger EAS Discovery and local traffic routing in VPLMN. This information is used to set the UL-CL filters and also to provision V-EASDF in the case of dynamic PSA insertion by DNS-based EAS discovery. Alternatively, this information can be conveyed to V-SMF by H-SMF during PDU Session establishment or update. AF can use clause 6.2.3.4 in TS 23.548 [3] EAS Deployment Information Management mechanisms to create/update/delete HPLMN knowledge of EAS Deployment information of specific services relevant for HPLMN roamers in VPLMN. A common steering identifier can be used instead of DNAI.
For scenario 2.1 when HPLMN wishes to monitor, assist and validate VPLMN decisions when HPLMN has triggered accessing EHE in VPLMN, the common steering identifier refers to Geo Location Area in VPLMN. This alternative requires that HPLMN knows how VPLMN ECSs map to the VPLMN Geo Location Areas. 
In scenario 2.2, VPLMN has the knowledge of EAS Deployment information in VPLMN for specific areas. Clause 6.2.3.4 in TS 23.548 [3] EAS Deployment Information Management mechanisms can be used by AF to provide and keep updated EDI in VPLMN via V-NEF, and by V-SMF to retrieve that data and use in EAS Discovery procedures. Information can also be locally configured.
At HR PDU Session establishment, the HPLMN (H-SMF) receives V-EASDF address from V-SMF and provisions theFor V-EASDF to be theas DNS resolver for the EC FQDNs,. tThere are two options for this:
-A	at PDU Session establishment, H-SMF receives V-EASDF from V-SMF and H-SMF configures V-EASDF in the UE as DNS server for the PDU Session. V-SMF may insert a UL-CL/BP and local PSA to reach the V-EASDF, to eliminate DNS traffic tromboning. V-SMF gets the HPLMN DNS Resolver.
-B	V-SMF receives the EC FQDNs (either by OAM or from H-SMF at PDU Session establishment), and it configures a local UL CL for replacement of the destination IP address of DNS queries with EC FQDN to V-EASDF IPat PDU Session establishment, H-SMF sends its own H-DNS server from HPLMN (that may be the H-EASDF) to the UE in the PCO, but H-DNS is configured to refer to V-EASDF as an authoritative DNS server for the UE DNS queries to EC FQDNs.
NOTE 1:	The above solution is known as option D described in clause 6.2.3.2.3 in TS 23.548 [3]. Option D assumes that UL-CL steering is based on L4 information (i.e. DNS port number) and that UL-CL has visibility of the DNS traffic (i.e. FQDN in the DNS Query message). The UPF may be instructed by the SMF to apply different forwarding of unencrypted UL DNS traffic based on the target domain of the DNS Query. Option D requests modification of destination IP address of DNS messages. Whether this is allowed or not is subject to local regulations. Option D does not apply to DoH or DoT messages.
Editor's note:	The DNS sequence of the above procedure needs further clarification.
V-SMF selects and inserts UL-CL/L-PSA for the DNS traffic at PDU Session establishment and for the EC application traffic either statically at PDU Session establishment, or dynamically, based on interaction with V-EASDF. 
For scenario 2.2 in clause 5.1.2, dynamic EAS discovery and insertion of UL-CL and local PSA happens in the V-PLMN based on V-EASDF as defined in TS 23.548 [3].
NOTE:	 HPLMN does not need to know the EC deployment in VPLMN, for scenario 2.2, since VPLMN has the knowledge of EAS Deployment information in VPLMN, and the selection is made by V-SMF considering this information. 
For scenario 2.1 in clause 5.1.2, the VPLMN does not need to know the EC deployment in VPLMN (it is known by HPLMN), andsince it V-SMF selects the L-PSA based on UE location only.
For scenario 2.1 in clause 5.1.2, V-SMF selects the UL-CL and L-PSA based on V-EASDF notificationstrigger as defined in TS 23.548 [3], but without considering the EAS deployment information. V-SMF uses information provided by HPLMN to set the UL-CL filters and to provision V-EASDF.
For scenario 2.1 in clause 5.1.2, V-SMF selects the UL-CL and L-PSA based on V-EASDF trigger as defined in TS 23.548 [3], but without considering the EAS deployment information. H-SMF may, however, validate the selected L-PSA based on H-EASDF trigger in the following way:
For scenario 2.1, if Home MNO monitors, assists and validates the decisions related to applications for which it has triggered user access to EHE in VPLMN, H-SMF selects an H-EASDF that monitors the DNS resolution for those applications and that validates the selected L-PSA. The address of the H-EASDF for the PDU Session is sent to V-SMF as a next HPLMN DNS Resolver after V-EASDF, which triggers validation in the following way:
-	V-EASDF appends to the UE DNS queries for EC FQDNs (agreed in the SLA, or provided at session establishment) an ECS option that identifies the selected DNAI (one close tobased on current UE location) and sends it to H-EASDF.
-	H-EASDF notifies H-SMF of the query, also sending the ECS option received, based on which H-SMF identifies the would-be breakout locationUE Geo Location Area and validates whether it fulfils the EC requirement and provides back to H-EASDF:and may select 
a)	a local DNS server for to send the query and provide it to H-EASDF to.; or
b)	a new ECS that was pre-agreed with the EC service provider for the given location.
-	Bbased on the information received from the H-SMF, the H-EASDF :
a)	forwards the query according to instruction, setting the next DNS server to the local DNS server if one received.; or
b)	sends out a corresponding DNS query using the ECS received.
-	The received DNS response is then received by forwarded from H-EASDF, which notifies H-SMF. If an EAS has been selected, H-SMF may instruct H-EASDF to include ECS back in the response (the one provided by VPLMN in the DNS Query or one corresponding to the EAS IP selection) and to forward the DNS Response to V-EASDF. 
-  If the ECS is inserted in the response, this means that the proposed local PSA has been acceptedit has been used in EAS selection. V-SMF then selects and inserts UL-CL and local PSA based on notification received from V-EASDF considering the ECS received if any.
NOTE 2:	Providing Local DNS and Validation by H-SMF needs matching ECS options in VPLMN to a UE Geo Location Area. EDI includes LDN specific information for the allowed UE geo-location areas which also allows mapping EAS IP addresses to UE geo-location. 
The solution is based on the Session breakout connectivity model in VPLMN. EASDF should be used in HPLMN if the EAS deployment information is available in HPLMN, i.e. for Scenario 2.1 in clause 5.1.2.
Editor's note:	How to perform charging for local routed traffic in VPLMN is FFS.
To support charging in both PLMNs, the V-SMF provides Usage Reporting Rules to the UL-CL/BP and local PSA to collect Usage Reports for charging in VPLMN that it conveys to H-SMF.
Editor's note:	How to support UE and/or Application mobility is FFS.
[bookmark: _Toc106120916]6.25.2	Procedures
6.25.2.1	PDU Session establishment and EAS discovery
The solution is shown in figure 6.25.2-1 below.




Figure 6.25.2-1: EAS discovery in VPLMN via HR PDU Session
0.	At UE registration procedure, the AMF receives a "HR-LBO allowed" indication from the UDM for a given S-NSSAI and DNN. This is used by the AMF to select a V-SMF with the required capability during the PDU Session establishment procedure.
1.	UE sends PDU Session establishment request to V-SMF selected by the AMF. AMF appends HR-LBO authorization indication to V-SMF.
2.	V-SMF takes into account the HR-LBO indication and may create an association with V-PCF for local traffic offload policies. For scenario 2.2, it may contact V-NEF to retrieve EAS Deployment Information. V-SMF selects UPF and V-EASDF in VPLMN (that could be based on the policies fetched from V-PCR) and sends Nsmf_PDUSession_Create Request to H-SMF, in which it indicates support for EC, and also provides the V-EASDF address to H-SMF and recommended indication for EDC usage for the PDU Session.
3.	H-SMF retrieves subscription information and policies for this UE and PDU Session, and selects and configures UPF in HPLMN as in steps 7-12 in clause 4.3.2.2.2 of TS 23.502 [9], but the subscription information and policies include the information related to the EC traffic that could be directed to EHE in VPLMN. For scenario 2.1, H-SMF may contact H-NEF to retrieve EAS Deployment Information.
4.	[Conditional] For scenario 2.1 in clause 5.1.2 if HPLMN monitoring, assisting and validation, the H-SMF selects a H-EASDF and configures the DNS handling rules in H-EASDF, via Neasdf_DNSContext_Create. If needed, the H-SMF selects and configures a H-DNS server to forwards requests for EC FQDNs towards V-EASDF.
5.	The H-SMF sends Nsmf_PDUSession_Create Response to the V-SMF. H-SMF provides V-SMF with the H-DNS server as resolver for non-EC FQDNs (in case of Option A from clause 6.25.1)H-EASDF reachability to VPLMN if applicable. According to UE support, the H-SMF response may also include in e PCO the vECS (Edge Configuration Server) information and indication for EDC usage for the PDU Session for the UE. The DNS server information in the PCO includes one of the: 
a.	V-EASDF IP address (in case of Option A from clause 6.25.1); or
b.	a H-DNS server (in case of Option B from clause 6.25.1).
[bookmark: _Hlk107419656]For scenario 2.1, H-SMF may provide V-SMF with information of applications for which to trigger routing to EHE in VPLMN (IP ranges and DNS domain name ranges). 
[Conditional] For scenario 2.1 if HPLMN monitoring, assisting and validation, H-SMF also provides the address of the selected H-EASDF.
6.	[Conditional] The V-SMF performs UL-CL/BP and local PSA selection and insertion if the SLA indicates local traffic routing in the VPLMN based on UE location. The V-SMF also selects provisions V-EASDF and performs UL-CL/BP to steer DNS traffic (only certain FQDNs if Option B) towards V-EASDF IP address and local PSA selection in the PCO in the response in step 5 indicates the V-EASDF IP address. 
7.	V-SMF configures the DNS handling rules in V-EASDF, via Neasdf_DNSContext_Create.
8.	V-SMF sends PDU Session Establishment accept message including the PCO received from H-SMF to the UE.
9.	UE sends a DNS query which includes FQDN for an EHE deployed in the VPLMN. The query reaches V-EASDF via either:
a.	the local UL-CL and PSA (in case of step 5aboth Options A and B from clause 6.25.1);
b.	forwarded by H-DNS (in case of step 5b).
10.	[Conditional] For scenario 2.2 and 2.1 in clause 5.1.2 without HPLMN monitoring, assisting and validation, the EAS discovery and UL-CL/BP and local PSA selection is performed as described in steps 8–19 from clause 6.2.3.2.2 in TS 23.548 [3], though information available in each scenario varies. For scenario 2.1, V-SMF does not have EDI, and decision is mainly based on UE location.
11-16 [Conditional]The remaining steps are all conditional and are applied forFor scenario 2.1 in clause 5.1.2 with HPLMN monitoring, assisting and validation:.
11.	The DNS query triggers notification from V-EASDF to V-SMF, which provides message handling rules to V-EASDF as described in steps 8-11 from clause 6.2.3.2.2 of TS 23.548 [3]. The rules include an ECS to append to the DNS query corresponding to the candidate local PSA and H-EASDF as next DNS server to send the query to. V-SMF does not have EDI, and decision is mainly based on UE location.
12.	The DNS query is forwarded from V-EASDF to H-EASDF using the ECS received from V-SMF in step 11.
13.	The procedure in steps 8-15 from clause 6.2.3.2.2 of TS 23.548 [3] is repeated, where the DNS query triggers notification from H-EASDF to H-SMF, and H-EASDF sends the DNS query to H-SMF together with the ECS received. This triggers a validation process in H-SMF for the DNAIUE Geo Location Area corresponding to the received ECS. The SMF may replace the received ECS to an ECS corresponding to the DNAI in the agreement with the service provider and send it back toinstruct H-EASDF to send the query to a Local DNS in the DNS handling rule. H-EASDF then handles the DNS resolution and notifies the response to the H-SMF that may also validate the response. Note that H-SMF does not deploy any UL-CL/BP and local PSA. H-SMF may instruct H-EASDF to include ECS back in the response (the one provided by VPLMN in the DNS Query or one corresponding to the EAS IP selection) and to forward the DNS Response to V-EASDF.
14.	The DNS response is sent back the V-EASDF.
15.	V-EASDF notifies V-SMF that takes into account ECS and may modify the UP path to steer application traffic to another inserts UL-CL/BP and L-PSA as in steps 14-18 from clause 6.2.3.2.2 of TS 23.548 [3].
16.	If indicated so, the DNS response is sent back to the UE.
 NOTE:	The EAS rediscovery procedure due to UE mobility may be triggered in the way described in clause 6.3.2.2 of TS 23.548 [3].
[bookmark: _Toc106120791]6.25.2.2	EAS rediscovery due to UE or Application mobility
The support for EAS rediscovery indication procedure enables the UE to refresh stale EAS information stored locally so that the UE can trigger EAS discovery procedure to discover new EAS information as described in clause 6.2.3.3 of TS 23.548 [3]. The corresponding EAS rediscovery procedure is shown in figure 6.25.2.2-1:


Figure 6.25.2.2-1: EAS rediscovery procedure due to UE mobility
0.	The procedure in clause 6.25.2.1 is executed with the following differences required for EAS rediscovery:
	In Step 1, the UE may indicate its support for refreshing stale EAS information stored locally corresponding to the impact field per the EAS rediscovery indication from network.
	If the UE indicates such support, then in Step 5 H-SMF conveys this indication to V-SMF and V-SMF stores this indication.
1.	Due to the UE mobility or AF influence on traffic routing to VPLMN (scenario 2.2), the V-SMF triggers L-PSA insertion, change or removal for the PDU Session. 
2.	V- SMF sends PDU Session Nsmf_PDUSession_Update Request to H-SMF, including
	An EAS rediscovery needed indication
	Information about the impacted EAS(s)
	[conditionally] If V-EASDF relocation is also needed, the new V-EASDF IP address
3.	H- SMF sends PDU Session Modification Command (EAS rediscovery indication, [impact field]) to UE as described in step 2 of clause 6.2.3.3 of TS 23.548 [3]. The EAS rediscovery indication indicates to refresh the cached EAS information. The impact field is used to identify which EAS(s) information need to be refreshed.
4.	H- SMF sends PDU Session Nsmf_PDUSession_Update Response to V-SMF
5.	UE may trigger EAS discovery procedure to get new EAS information.
NOTE:	For scenario 2.1, AF request to influence traffic routing towards the HPLMN (H-SMF) is not possible if the EDI does not include DNAIs. The Application mobility will in general not imply UL CL/BP and L-PSA relocation for scenario 2.1, as the L-PSA is selected based on UE location.

[bookmark: _Toc106120917]6.25.3	Impacts on services, entities and interfaces
HPLMNUDM:
-	UE subscription information enhanced for authorizing the "HR-LBO" (UDM) and selecting V-EASDF for the EC FQDNs (H-SMF, either via PCO by H-SMF or via DNS forwarding by H-DNS). 
AMF
· Handles "HR-LBO" in UE Subscription and takes into account for V-SMF selection
V-SMF:
-	indicating support for EC and providing V-EASDF IP address and recommended EDC usage indication to H-SMF;
-	supporting V-EASDF selection and interaction with V-EASDF using Neasdf interface as in TS 23.548 [3].
-  supporting interaction with NEF in VLPMN to retrieve EDI as in TS 23.548 (only scenario 2.2).
-  supporting ULCL/BP and L-PSA selection and provisioning for session breakout in HR PDU Session based for example on local configuration, and user session information from policy association with VPCF, from HPLMN H-SMF, and/or from V-EASDF.
-	sending EAS rediscovery needed indication and impacted EAS(s) information.
- 	supporting V-EASDF interaction including instructions for tunnelling DNS messages towards a next H-EASDF (only scenario 2.1 with HPLMN monitoring, assisting and validation).
H-SMF:
-	provisions UE using (e)PCO via V-SMF with V-EASDF for the EC related DNS queries (using option A from clause 6.25.2.1), EDC usage indication (considering V-SMF recommendation) and vECS information for the VPLMN.
-	sends to V-SMF information related to local traffic routing such as the IP address ranges and DNS domain name ranges for EC applications for which to trigger steering to EHE in VPLMN. Information is based on HPLMN knowledge of EDI (only scenario 2.1). It also sends the H-DNS.
-	sends H-EASDF IP address to V-SMF (including any tunnelling information) and with H-EASDF it inspects/replaces/restores ECS information in received DNS messages from VPLMN to monitor, assist and validate selected L-PSA vs the selected EAS location (only for scenario 2.1 with HPLMN monitoring and validation).
V-PCF
-	Provides local policies to V-SMF for HR-PDU Sessions.
EASDF  
-	sends DNS query/response over a tunnel (between V-EASDF and H-EASDF). EASDF instructions include tunnelling information (only for scenario 2.1 with HPLMN monitoring and validation).

* * * * End of changes * * * *
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