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Abstract: This contribution proposes a solution for Key Issue #1: Provisioning VPLMN URSP rules.
1. Background
Technical issues for supporting URSP delivery in VPLMN have been identified in SA2#149e as follows: 
-
Whether the HPLMN needs any information from the VPLMN to generate URSP Rules in roaming. If so, which information and how to provide it.

-
How to provide URSP Rules in roaming to the UE. In particular, how the HPLMN and VPLMN are involved in such procedure.

-
Whether and how to support URSP enhancements to support routing of the application traffic with different URSP rules in different PLMNs

2. Proposal
It is proposed to add following a solution for Key Issue #1 to 3GPP TR 23.700-85.
* * * Start of changes (all new text) * * * *

6.X
Solution #X: Provisioning VPLMN URSP
6.X.1
Description
This solution is proposed to address technical issues for supporting URSP delivery in VPLMN have been identified in Key Issue #1 particularly on “How to provide URSP Rules in roaming to the UE. In particular, how the HPLMN and VPLMN are involved in such procedure.”

This solution identifies three scenarios from the perspective of which operator generate the URSP. For each scenario, how H-PCF and V-PCF behave is described as follows:
Scenario A. HPLMN URSP Generation

· The H-PCF in HPLMN generates the URSP rules for the UE on VPLMN request. The V-PCF in VPLMN requests the H-PCF to generate URSP rules for VPLMN with appropriate parameters.

· When V-PCF requests H-PCF to generate URSP rules for VPLMN, the V-PCF use LBO information (DNN/S-NSSAI and SSC mode) received from UDM of the HPLMN via AMF to provide the parameters for H-PCF to generate the URSP rules.

Scenario B. VPLMN URSP Generation with HPLMN permission

· In this scenario, the V-PCF generates the VPLMN URSP rules with HPLMN permission.

· When V-PCF generates the VPLMN URSP rules, the V-PCF uses the LBO information via AMF from UDM in HPLMN so that the V-PCF can derive the Route Selection Descriptors for URSP rules. V-PCF also use VPLMN precedence range provided by H-PCF to avoid the conflict URSP from PLMN and HPLMN.
With this solution, the H-PCF can assign the precedence range that HPLMN provides to VPLMN during the establishing the UE policy association between V-PCF and H-PCF in order to avoid the conflict to avoid the conflict between the HPLMN generated URSP rules and VPLMN URSP rules. The V-PCF can map the pre-assigned precedence values to the HPLMN assigned precedence values. 
6.X.2
Procedures
6.X.2.1
Provisioning VPLMN URSP rules for roaming scenario

With this procedure, the solution provides three different scenarios for provisioning the VPLMN URSP rules to the UE.
1) HPLMN generation of URSP for VPLMN request
This solution supports the HPLMN generation of VPLMN URSP rules based on the V-PCF request as depicted in the Figure 6.X.2-1. During the UE registration, the UDM in HPLMN provides the LBO information along with HPLMN URSP Generation indication. The LBO information includes HPLMN’s subscription information such as DNN/S-NSSAI and SSC mode to be used for generation of the Route Selection Components within the URSP rules. The AMF sends LBO information to the V-PCF so that V-PCF can request for HPLMN generation of the VPLMN URSP rules with the requested parameters.
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Figure 6.X.2.1-1: HPLMN generation of URSP for VPLMN request

H-PCF may authorize whether the parameters requested by the V-PCF by checking UDR. The H-PCF generates the VPLMN URSP in H-PCF with the authorized Route Selection Components. H-PCF takes the relative precedence values sent by V-PCF when generating the VPLMN URSP rules. 
2) VPLMN generation of VPLMN URSP based on HPLMN permission
This solution supports the VPLMN generation of VPLMN URSP rules based on the HPLMN’s permission as depicted in the Figure 6.X.2-2. During the UE registration, the UDM in HPLMN provides the VPLMN URSP generation allowed indication to the AMF in VPLMN. The UDM also sends the LBO information such as DNN/S-NSSAI and SSC mode to be used for the generation of the Route Selection Components within the URSP rules. The AMF sends LBO information to the V-PCF so that V-PCF can generate VPLMN URSP rules.
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Figure 6.X.2.1-2: VPLMN generation of VPLMN URSP based on HPLMN permission

To avoid the conflict between URSP rules from HPLMN and VPLMN, H-PCF provides the VPLMN precedence range to the V-PCF. The H-PCF assigns the range of the precedence of URSP rules for VPLMN URSP rules and provides the range to the V-PCF. The V-PCF maps the pre-defined VPLMN URSP’s precedence values to the VPLMN range provided by the H-PCF.
With an example is as in the Table 6.X-1.2, the H-PCF in HPLMN can assigns the VPLMN precedence range to 5~6 for the V-PCF to use. HPLMN can use the high priority values precedence for the application in the HPLMN’s URSP rules so that HPLMN can control those applications in high order. For example, HPLMN’s rule#1 for the App#1 is higher priority than VPLMN’s rule #6 for the same application. On the other hands, HPLMN can give more control for HPLMN rule #3, #4, #5 to VPLMN. VPLMN can take those precedence provided by HPLMN to use them for App#1 and abc.com. Rule #6 for App#1 is lower precedence of Rule#1 of HPLMN, however, Rule#7 for the abc.com of VPLMN can have higher priority than rule #4 of HPLMN. With this solution, HPLMN can take a control of URSP rules that they care and also give a flexibility for VPLMN to use those within the range.
Table 6.X.1-2: Example usage of URSP rule precedence
	PLMN
	PSI
	URSP Rule
	Rule Precedence
	Traffic Descriptor
	Route Selection Descriptor

	HPLMN ID
	1
	Rule #1
	1
	App#1
	DNN#1, S-NSSAI#1

	
	
	Rule #2
	2
	App#2
	DNN#1, S-NSSAI#2

	
	
	Rule #3
	7
	IP 1.1.1.*
	DNN#1, S-NSSAI#3

	
	2
	Rule #4
	8
	Abc.com
	DNN#1, S-NSSAI#4

	
	
	Rule #5
	9
	Match-all
	DNN#1, S-NSSAI#4

	VPLMN ID
	3
	Rule #6
	5
	App#1, App#3, App#3
	DNN#1, S-NSSAI#5

	
	4
	Rule #7
	6
	Abc.com
	DNN#1, S-NSSAI#5


How the H-PCF provides VPLMN precedence range to the V-PLMN is described in the step 6 and 7 of Figure 6.X.2.1-4: Procedure of provisioning VPLMN URSP rules for roaming scenario.
The procedure of provisioning VPLMN URSP rules for roaming scenario is described in Figure 6.X.2.1-3. The procedure consolidates the all scenarios described in the description.
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Figure 6.X.2.1-3: Procedure of provisioning VPLMN URSP rules for roaming scenario

From step 1 to 4 describes the procedure for the UE to register the serving PLMN (i.e. VPLMN) in roaming scenario.
Step 1. During the registration procedure, the UE sends registration request to the AMF in VPLMN. The UE sends in the UE Policy Container the Policy Section Identifiers that are stored in the UE. 

Step 2. The AMF identifies the HPLMN of the UE with SUCI and requests the subscription information from UDM in HPLMN.
Step 3. The UDM in HPLMN sends the URSP generation information such as HPLMN URSP Generation indication or VPLMN URSP Generation allowed indication to the AMF. The AMF also receives the LBO information that includes DNN/S-NSSAI and SSC mode from the UDM.
Editor’s Note: The detailed information of UDM subscription data is FFS.
Step 4. The AMF sends the Registration Accept to the UE.
Step 5. The AMF sends the UEPolicyControl_Create request to the V-PCF with the UE Policy Container received from the UE. The AMF sends HPLMN URSP Generation or VPLMN URSP Generation allowed indication along with the LBO information (e.g. DNN/S-NSSAI and SSC mode) the V-PCF either to request to HPLMN URSP generation or to generate VPLMN URSP rules by V-PCF itself.

Step 6. The V-PCF either requests HPLMN to generate URSP for VPLMN or generates VPLMN URSP by itself based on the HPLMN URSP Generation or VPLMN URSP Generation allowed indication received from the AMF respectively. 
If HPLMN URSP Generation is indicated, the V-PCF sends the parameters to request H-PCF to generate URSP rules for VPLMN. The parameters includes the information for H-PCF to generate URSP rules for VPLMN such as traffic descriptor and Route Selection Descriptors. If there are multiple rules, the information also includes relative precedence values.
If VPLMN URSP Generation allowed is indicated, the V-PCF sends the request for H-PCF to allow the V-PCF to generate URSP rules for VPLMN. It requests implicitly the precedence value ranges for the V-PCF to generate the URSP rules.

After identifying the parameters, the V-PCF sends the Npcf_UEPolicyControl_Create request to the H-PCF.

NOTE: In a scenario where no UE-PCF is deployed in HPLMN as depicted in Figure 6.X.2.1-3, the steps 6, 7, 8, 9, 11, 12, 18, 19 are not performed.
If V-PCF requests H-PCF to generate URSP for VPLMN with its parameters, the H-PCF authorizes the requested parameters to be used as Route Selection Components of the URSP rules by checking the subscription information by accessing the UDR. 

If V-PCF requests H-PCF to allow the V-PCF to generate the VPLMN URSP, the H-PCF authorizes the request by checking the subscription information by accessing the UDR. 

Step 7. The H-PCF sends the authorization result to the V-PCF by sending Npcf_UEPolicyControl_Create response. 
If H-PCF receives the VPLMN URSP generation request, the H-PCF also assigns the VPLMN precedence range and sends it to the V-PCF so that the V-PCF uses the VPLMN precedence range when generating URSP rules in order to avoid the conflict between the HPLMN generated URSP rules and VPLMN URSP rules.
Step 8. The V-PCF responds to the AMF with sending Npcf_UEPolicyControl_Create response.

Step 9. If V-PCF requested HPLMN URSP generation for the VPLMN, the H-PCF generates both the URSP rules of HPLMN and URSP rules for VPLMN using the parameters provided by the V-PCF. If V-PCF requests to allow V-PCF to generate VPLMN URSP rules, the H-PCF generates only URSP rules of HPLMN. 

The H-PCF invokes the UEPolicyControl_UpdateNotify to send the generated URSP rule to the V-PCF. 

Step 10. The V-PCF acknowledges the UEPolicyControl_UpdateNotify.

Step 11. The V-PCF generates the VPLMN URSP rules by itself and sends both HPLMN URSP rules and VPLMN URSL rules to the AMF. When generating VPLMN URSP rules, V-PCF uses the LBO information (such as DNN/S-NSSAI and SSC mode) received from the AMF to derive Route Selection Descriptors. If the V-PCF receives the VPLMN precedence range from the H-PCF at the step 7, the V-PCF assigns the precedence values of VPLMN URSP rules within the received range.

Step 12~Step 14. The AMF sends the UE policy container to the UE using the UE configuration update procedure.

Step 15. The AMF reports the UE policy delivery result to the V-PCF.

Step 16. The V-PCF sends the Npcf_UEPolicyControl_UpdateNotify to the H-PCF to inform the UE policy delivery result.

Step 17. The H-PCF acknowledges the Npcf_UEPolicyControl_UpdateNotify.

6.X.2.2
Application Guidance of URSP determination in VPLMN

With this procedure, the solution provides three different scenarios for AF in VPLMN to provide application guidance for URSP determination. Similar to 6.X.2.1, three different scenarios for VPLMN URSP generation are described.

1) HPLMN generation of URSP for VPLMN request (Figure 6.X.2.2-1)
When the AF requests the application guidance for URSP determination, NEF stores the service parameters in V-UDR. The V-UDR notify the V-PCF. Since the V-PCF has received LBO information from the AMF during the UE registration procedure as in step 5 of Figure 6.X.2.1-3, the V-PCF is aware of available home subscription values for the UE. The V-PCF sends the parameters to request the H-PCF to generate the URSP rules for VPLMN. The rest of steps are similar to the procedures of Figure 6.X.2.1-4.
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Figure 6.X.2.2-1: HPLMN Generation of URSP for VPLMN request

2) VPLMN generation of URSP rules (Figure 6.X.2.2-2)
When the AF requests the application guidance for URSP determination, NEF stores the service parameters in V-UDR. The V-UDR notify the V-PCF. Since the V-PCF has received LBO information from the AMF during the UE registration procedure as in step 5 of Figure 6.X.2.1-4, the V-PCF is aware of available home subscription values for the UE. 
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Figure 6.X.2.2-2: VPLMN Generation of URSP

The procedure of application guidance for URSP determination in VPLMN for roaming scenario is described in Figure 6.X.2.2-4. The procedure consolidates the all three scenarios described above.
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Figure 6.X.2.2-4: Procedure of application guidance for URSP determination in VPLMN

Step 0. UE performs the registration procedure with the AMF in VPLMN. The AMF retrieves HPLMN URSP Generation indication or VPLMN URSP Generation allowed indication and the LBO information in UDM and provides them to the V-PCF during creation of UE Policy Association.

Step 1. The AF in VPLMN creates an AF request for application guidance for URSP determination in VPLMN

Step 2. The AF sends the AF request to the NEF.

Step 3. The NEF stores the service parameters to the UDR in VPLMN.

Step 4. NEF acknowledges the AF request.
Editor’s Note: It is FFS how the parameters of AF request to derive the URSP rules can be checked whether it is authorized.
Step 5. The V-UDR notifies V-PCF of DM information.

Step 6. Based on the HPLMN URSP Generation indication or VPLMN URSP Generation allowed indication received from the AMF when creating the UE Policy association, the V-PCF either requests HPLMN to generate URSP for VPLMN or generates VPLMN URSP by sending Npcf_UEPolicyControl_Create to the H-PCF.
If HPLMN URSP Generation is indicated, the V-PCF sends the parameters to request H-PCF to generate URSP rules for VPLMN. The parameters includes the information for H-PCF to generate URSP rules for VPLMN such as traffic descriptor and Route Selection Descriptors. If there are multiple rules, the information also includes relative precedence values.
NOTE: For the scenarios as depicted in Figure 6.X.2.2-2, the steps 6, 7, 8, 9, 11, 12, 18, 19 are not performed.
Step 7. H-PCF sends the response to the V-PCF.

Step 8~Step 12. The steps are the same as the step 11 to step 19 of the Figure 6.X.2.1-4.

Step 13. The V-PCF notifies the outcome of UE policy delivery result to the NEF.

Step 14. The NEF notifies the outcome of UE policy delivery result to the AF.

6.X.3
Impacts on services, entities and interfaces
AMF: The AMF is required to support HPLMN URSP Generation and VPLMN URSP Generation indication and forward LBO information (e.g. DNN/S-NSSAI and SSC mode) to the V-PCF.

V-PCF: The V-PCF is required to provide the parameters for H-PCF to generate URSP, generate VPLMN URSP triggered by UE registration and support the AF request for application guidance of URSP determination in VPLMN.

H-PCF: The H-PCF is required to support the generation of URSP for VPLMN request. The H-PCF is required to assign the VPLMN precedence range if the V-PCF requests VPLMN generation of URSP rules.

UDM: The UDM is required to provide the HPLMN URSP generation indication or VPLMN URSP generation allowed indication.
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