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Abstract: A solution for KI#1 is proposed to support EAS discovery in VPLMN via HR PDU Session. 	
1. Discussion
[bookmark: _Toc519004414]Two scenarios are possible for KI#1, 2.1 and 2.2, which are described in clause 5.1.2:
2.1) HPLMN has the knowledge of EAS deployment information in VPLMN for specific services. The HPLMN triggers EAS discovery and local traffic routing in VPLMN.
2.2) HPLMN does not have the knowledge of EAS deployment information in VPLMN. The VPLMN triggers EAS discovery and local traffic routing in VPLMN.
This contribution provides a method to support EAS discovery in the above scenarios with the following key components.  
Authorization: We propose that 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..
The main reason to receive the authorization during policy association is that authorization during PDU session establishment may be too late as V-SMF selection should already consider the required functionality for edge computing. 
Local traffic routing: In both scenarios, it is the V-SMF that decides on local traffic routing.
This is a consequence of local traffic routing happening at VPLMN, so it is the V-SMF that is aware of the availability and load of the local UL CL/BP and PSA as well as the location and mobility of the UE. That is, even if the local PSA selection was made by H-SMF, this could be overridden by the V-SMF, leading to EC connectivity failure cases. Besides, VPLMN is aware of the UE location and mobility, which would require additional complexity to convey this information to HPLMN to support local PSA selection as well as the service continuity procedures, which also require further sync on which PSA should be selected. Syncing EAS deployment related information between HPLMN and VPLMN is also of high complexity. 
A consequence of the above is that, for scenario 2.1, when the VPLMN does not have the EAS deployment information, the UL CL/BP and local PSA selection is based on UE location only.
EAS discovery: The dynamic DNS triggered EAS selection considering EAS deployment information for scenario 2.2 is based on V-EASDF, i.e., an EASDF in the VPLMN
The reason is that the PDU session is a HR PDU session, so it is anchored in HPLMN. Thus, it requires an UL CL/BP and L-PSA to break out traffic in the VMPLM, but if an UL CL and L-PSA is to be dynamically allocated by V-SMF, then this requires a V-EASDF according to TS 23.548. The alternative to use H-EASDF and mediate the interaction with V-SMF via H-SMF is not feasible as H-EASDF is not required to support scenario 2.2, since it does not have any role there. H-EASDF may be needed, however, to support the H-SMF validate the selection made by V-SMF in scenario 2.1, in the following way:
 -	V-EASDF appends to the UE DNS queries for EC FQDNs (agreed in the SLA) an ECS option that identifies the selected DNAI (one close to 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 location and validates whether it fulfils the EC requirement and provides back to H-EASDF 
a) a local DNS server to send the query to or 
b) a new ECS that was pre-agreed with the EC service provider for the given location. 
-	based on the information received from the H-SMF, the H-EASDF 
a) forwards the query to the local DNS server or 
b) sends out a corresponding DNS query using the ECS received. 
-	The received DNS response is then forwarded from H-EASDF to V-EASDF. V-SMF then selects and inserts UL CL and local PSA based on notification received from V-EASDF. 
The UE DNS queries for the EC FQDNs should reach V-EASDF. There are two options for this: 
-	At PDU session establishment, H-SMF configures V-EASDF in the UE as DNS server. V-SMF may insert a UL CL/BP and local PSA to reach the V-EASDF, to eliminate DNS traffic tromboning.
-	At PDU session establishment, H-SMF configures an own H-DNS server from HPLMN (that may be the H-EASDF) in the UE but H-DNS is configured to use V-EASDF as a resolver for the EC FQDNs (agreed in the SLA)   
For scenario 2.2, EAS discovery and insertion of UL CL and local PSA happens in the V-PLMN based on V-EASDF as defined in TS 23.458.
For scenario 2.1, V-SMF selects the UL CL and L-PSA based on V-EASDF trigger as defined in TS 23.458., but without considering the EAS deployment information. H-SMF may, however, validate the selected L-PSA based on H-EASDF trigger 

 
[bookmark: _Toc517082226]* * * * 1st change * * * *
[bookmark: _Toc97268158]6	Solutions
[bookmark: _Toc97268159]6.0	Solution-Key issue matrix
The solutions in clause 6 can apply to one or more key issues described in clause 5 of this report. Table 6.0-1 describes the relationship between solutions and key issues.
Editor's note:	The table below will be updated with actual content when generating the TR with approved contributions. Page number is automatically updated to ease reference (ctrl-left click to reach the solution).
Table 6.0-1: Solution-Key issue matrix
	Solution
	Key issues

	Title
	(page)
	KI#1
	KI#2
	KI#3
	KI#4
	KI#5
	KI#6
	KI#7

	01: EAS discovery in Home Routed roaming scenario
	18
	X
	
	
	
	
	
	

	02: Session Breakout in Visited PLMN
	21
	X
	
	
	
	
	
	

	03: EAS (re)discovery procedure in roaming scenario
	23
	X
	
	
	
	
	
	

	04: Support EAS discovery in VPLMN via HR PDU Session
	28
	X
	
	
	
	
	
	

	05: Accessing V-EHE via HR PDU session
	31
	X
	
	
	
	
	
	

	06: URSP solution to support roamers access to EHE in a VPLMN
	33
	X
	
	
	
	
	
	

	07: Using URSP Rules to Establish an LBO PDU Session
	35
	X
	
	
	
	
	
	

	08: V-ECS Discovery during Steering of Roaming
	36
	X
	
	
	
	
	
	

	09: PDU Session configuration from EASDF
	38
	X
	
	
	
	
	
	

	10: LBO PDU Session establishment using PLMN criteria in RSD
	40
	X
	
	
	
	
	
	

	11: Exposure of Network Congestion
	41
	
	X
	
	
	
	
	

	12: Efficient exposure of RAN information
	43
	
	X
	
	
	
	
	

	13: Fast and efficient network exposure improvements
	47
	
	X
	
	
	
	
	

	14: Group Management
	50
	
	
	
	X
	
	
	

	15: Selection of common DNAI
	54
	
	
	
	X
	
	
	

	16: Selecting the same EAS/DNAI for collection of UEs
	62
	
	
	
	X
	
	
	

	17: Application layer EAS selection for collections of UEs
	64
	
	
	
	X
	
	
	

	18: Discovery of the same EAS for collections of UEs
	66
	
	
	
	X
	
	
	

	19: Influencing UPF and EAS (re)location for collections of UEs
	70
	
	
	
	X
	
	
	

	20: Global EASDF
	71
	
	
	
	
	X
	
	

	21: EAS Deployment information differentiated by PLMN ID
	73
	
	
	
	
	X
	
	

	22: EAS discovery for federated OPs
	74
	
	
	
	
	X
	
	

	23: Improvements for EHE operated by separate party
	80
	
	
	
	
	X
	
	

	XX: EAS discovery in VPLMN via V-EASDF for a HR PDU Session
	nn
	x
	
	
	
	
	
	



* * * * 2nd change (all new)* * * *
[bookmark: _Ref93394262][bookmark: _Toc97268160][bookmark: _Hlk97906546]6.xx	Solution xx (KI#1): EAS discovery in VPLMN via V-EASDF for a HR PDU Session
This solution corresponds to KI#1.
6.xx.1	High level description
The solution addresses a scenario where the UE accesses EHE in VPLMN via a HR PDU session.  
[bookmark: _Hlk102385601]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 scenario 2.1, there may be an SLA between the HPLMN and VPLMN that specifies 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. This is used to set the UL CL filters and also V-EASDF in the case of dynamic DNS-based EAS discovery. 
At HR PDU session establishment, the HPLMN (H-SMF) receives V-EASDF from V-SMF and provisions the V-EASDF as DNS resolver for the EC FQDNs. There are two options for this: 
-	At PDU session establishment, H-SMF receives V-EASDF from V-SMF and configures V-EASDF in the UE as DNS server. V-SMF may insert a UL CL/BP and local PSA to reach the V-EASDF, to eliminate DNS traffic tromboning.
-	At 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 
Editor’s Note: The DNS sequence of the above procedure needs further clarification.
V-SMF selects and inserts UL CL/L-PSA for the EC 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 23.458.
NOTE: HPLMN does not need to know the EC deployment in VPLMN for scenario 2.2, since the selection is made by V-SMF. For scenario 2.1, the VPLMN does not need to know the EC deployment in HPLMN, since it 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 trigger as defined in TS 23.458., 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:
 -	V-EASDF appends to the UE DNS queries for EC FQDNs (agreed in the SLA) an ECS option that identifies the selected DNAI (one close to 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 location and validates whether it fulfils the EC requirement and provides back to H-EASDF 
a) a local DNS server to send the query to or 
b) a new ECS that was pre-agreed with the EC service provider for the given location. 
-	based on the information received from the H-SMF, the H-EASDF 
a) forwards the query to the local DNS server or 
b) sends out a corresponding DNS query using the ECS received. 
-	The received DNS response is then forwarded from H-EASDF to V-EASDF. If the ECS is inserted in the response, this means that the proposed local PSA has been accepted. V-SMF then selects and inserts UL CL and local PSA based on notification received from V-EASDF. 
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.
Editor's note:         How to support UE and/or Application mobility is FFS.

6.xx.2	Procedures
The solution is shown in Figure 6.xx.2-1 below.


Figure 6.xx.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.
2.	V-SMF selects UPF 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.
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, but the subscription information and policies include the information related to the EC traffic that could be directed to EHE in VPLMN. 
4. [Conditional] For scenario 2.1 in Clause 5.1.2, the H-SMF selects and configures the DNS handling rule 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 H-EASDF reachability to VPLMN if applicable. The DNS server information in the PCO includes one of the
a. V-EASDF IP address or
b. a H-DNS server
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 V-EASDF and performs UL CL/BP 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 5a)
	b. forwarded by H-DNS (in case of Step 5b)
10.	[Conditional] For scenario 2.2 in Clause 5.1.2, 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
The remaining steps are all conditional and are applied for scenario 2.1 in Clause 5.1.2.
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 TS 23.548, clause 6.2.3.2.2. 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.
12.	The DNS query is forwarded from V-EASDF to H-EASDF using the ECS received in Step 11
13.	The procedure in Steps 8-15 from TS 23.548, clause 6.2.3.2.2 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 DNAI 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 to H-EASDF 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.
14.	The DNS response is sent back the V-EASDF. 
15.	V-EASDF notifies V-SMF that inserts UL CL/BP and L-PSA as in Steps 14-18 from TS 23.548, clause 6.2.3.2.2. 
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.
6.xx.3	Impacts on services, entities and interfaces
-	HPLMN: 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)
- 	V-SMF: indicating support for EC and providing V-EASDF IP address to H-SMF; support interact with V-EASDF using Neasdf interface.
-	H-SMF: sends H-EASDF IP address to V-SMF and inspects/replaces ECS information in received DNS messages from VPLMN (for Scenario 2.1)

  
* * * * End of changes * * * *
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