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1. Introduction

CT1 and SA2 has been discussing issues and enhancement proposals related to the ePDG selection procedure as triggered by the incoming LS from GSMA (C1-151283 and C1-152373). In recent SA2#110 meeting, SA2 has agreed CR S2-152676 to enhance ePDG selection in Release 13 to address GSMA requirements and to enable location based ePDG selection. This paper analyzes SA2 changes and proposes corresponding stage 3 ANDSF data model and updates to realize these requirements, some implementation issues related to SA2 changes have also been discussed.
2. Discussion
According to S2-152676 agreement in subclause 4.5.4.3, the UE may be configured FQDN or IP address of an ePDG in HPLMN:
The UE may be configured (e.g. via H-ANDSF, USIM, etc.) by the HPLMN with the following configuration, whose usage is defined in subclause 4.5.4.4:

1) ePDG identifier configuration. It contains the FQDN or IP address of an ePDGin the HPLMN. 
NOTE 1: 
The ePDG FQDN configured in the UE as described above may have a different format than described in clause 4.5.4.2.
2) ePDG selection information: it contains a list of PLMNs (including the HPLMN) and for each PLMN it indicates whether the selection of an ePDG in such PLMN is preferred or mandatory. It also indicates if selection of an ePDG in such PLMN should be based on Tracking/Location Area Identity FQDN or on Operator Identifier FQDN, as specified in sub-clause 4.5.4.4.  

Based on these requirements, ANDSF MO for the ePDG configuration by home operator can be organized as shown below. Note that there can be multiple IP address for one FQDN, also the HPLMN may have more than one ePDGs configurable. 
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Figure 1. ePDG Selection Configuration
However further analysis reveals some issues among HPLMN and VPLMN configuration parameters and between the configuration arrangement in sub-clause 4.5.4.3 and ePDG selection procedure in sub-clause 4.5.4.4.

According to procedure in 4.5.4.4, if Home_ePDG_Identifier leaf is provisioned, the UE should ALWAYS select ePDG in HPLMN (by using the configured FQDN or IP address info):

The UE performs the ePDG selection as follows:

-
If the UE is configured with an FQDN or IP address in the ePDG identifier configuration defined in point 1) in clause  4.5.4.3, then the UE shall either use the configured FQDN and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN, or the UE shall use the configured IP address; otherwise

However the following note in 4.5.4.3 seems to indicate that in order to always select ePDG in HPLMN, the home_ePDG leaf connot be present:
NOTE 3: The home operator can configure the UE to always select an ePDG based on Operator Identifier FQDN in the HPLMN by providing neither the ePDG identifier configuration nor the ePDG selection information.

These two requirements seem to contradict with each other. First requirement states as long as Home_ePDG_Identifier configuration is present, then home ePDG is selected, but the Note is stating that in order for the UE to always select home ePDG, the home operator does not configure home ePDG identifier nor  ePDG selection information.

Observation 1:  Contradition between Home_ePDG_Identifier configuration and selection procedure
Also if home ePDG always selected when neither Home_ePDG_Identifier configuration nor PLMN related ePDG selection info is configured, then it would be non-backward compatible because in Rel12, ePDG in VPLMN is selected by default.

Observation 2:  Rel13 behavior non-backward compatible.

Note also that for constructing FQDN for HPLMN, SA2 requirement currently states that HPLMN can be included in the list of PLMN ePDG selection info along with list of preferred VPLMNs. Although "preferred/Mandatory" indication is not applicable, FQDN contructing format is meaningful:

NOTE 2: 
For the HPLMN only the indication about the use of Tracking/Location Area Identity FQDN or Operator Identifier FQDN is meaningful. The preferred and mandatory indications are not used during the ePDG selection.
But this arrangement is not useful and does not make much sense:

a) If home_ePDG_Identifier is already configured, then PLMN ePDG selection info configuration will never be used, there is never a need to construct FQDN for ePDG in HPLMN;

b) If the UE is attached to VPLMN and if selecting of home ePDG is needed due to selection of ePDG in VPLMN has failed, in this case, even if there is HPLMN entry in PLMN ePDG selection info configuration to indicate " Tracking/Location Area Identity FQDN", the TAC/LAC that the UE knows are related to VPLMN, so cannot be used to construct " Tracking/Location Area Identity FQDN" for HPLMN any way.

c) If selecting of home PLMN is needed due to the UE is not attached to any PLMN via 3GPP access, then the UE has no knowledge of TAC/LAC any way.

Observation 3: It is not useful to have HPLMN to be included in the list of PLMN ePDG selection info along with list of preferred VPLMNs to indicate FQDN format.
In these cases, it would make sense for the UE to simply use the pre-configured home_ePDG_Identifier.

Current requirements suggest that Home_ePDG_Identifier configuration and PLMN related ePDG selection info configuration cannot co-exist because if Home_ePDG_Identifier configuration is present, home ePDG always selected. As discussed above, such mutual exclusion is not necessary. e.g. if the the VPLMN is not in ePDG selection info configuration (no entry for this VPLMN), or if ePDG selection to a "preferred" (not "mandatory") ePDG in VPLMN failed, or if the UE is not attached to any PLMN via 3GPP access, in all these cases, the UE shall select ePDG in HPLMN as stated by S2-152676:

-
In all other cases, including the UE not attached to any PLMN via 3GPP access, the UE shall select the ePDG of the HPLMN by constructing the FQDN according to clause  4.5.4.2, and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN. If no HPLMN or “any PLMN” value is present in the ePDG selection information, the UE construct the Operator Identifier FQDN for HPLMN. 

For these scenario, using the pre-configured ePDG in HPLMN info (if available) instead of always trying to construct FQDN for HPLMN is more efficient and desirable. Note that in any way the constructed FQDN would not provide any better selection choice in HPLMN other than to take longer time due to the overhead to construct the FQDN and DNS query.  Such an optimization makes sense.
So it is proposed that Pre-configured home_ePDG_Identifier information can be used when the UE is not in HPLMN and selecting home ePDG is needed, i.e. home_ePDG_Identifier configuration and VPLMN ePDG selection info can be present in the configuration concurrently, and no need to contruct home ePDG FQDN or perform DNS query if home ePDG FQDN or IP address is already pre-configured.
To support such re-use of pre-configured information, there needs to be an additional flag to distinguish the configuration where an operator wants to always use the home_ePDG_Identifier in all cases (all PLMNs) by default versus the configuration where the operator wants to use the pre-configured home_ePDG_Identifier for all failed or non-VPLMN preferred/mandatory or not attached cases. Note that this arrangement will also resolve the contradition as shown in Observation 1.

Proposal 1: Pre-configured home_ePDG_Identifier information (if available) can be used in cases when selecting home ePDG is needed to avoid unnecessary DNS query.

Proposal 2: Add a flag "UseHome_ePDG" to indicate selection of pre-configured home ePDG is mandatory in both HPLMN and VPLMNs.
Figure 2 shows the resulting ANDSF MO model for ePDG Selection Configuration which supports reuse of home ePDG configuration information. Corresponding ePDG selection procedure updates after factoring Proposal 1 and 2 is presented in Annex 1.
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 Figure 2. ePDG Selection Configuration Supporting Reuse of home ePDG Information
Also following observation 3 above, given that the intention to have a PLMN entry in the PLMN_ePDG_Preference configuration is to indicate selection policy for selecting ePDG in such PLMN, i.e. whether the selection of an ePDG in such PLMN is preferred or mandatory, it makes sense to only have VPLMN in such PLMN list:

a) A PLMN entry is only added to PLMN_ePDG_Preference configuration when selection is preferred  towards ePDG in the VPLMN instead of home ePDG in HPLMN, this is true regardless of the "preferred" or "mandatory" setting. 
b) For HPLMN, such preference is not applicable and "preferred" or "mandatory" indications are not meaningful.

c) Since "Any PLMN" value may be provisioned, all setting provisioned for "Any PLMN" can be used to apply to HPLMN, which may not be desired since operator normally would like to have flexibility to apply different policies to ePDG selection in HPLMN versus ePDG selection in VPLMN.

As such, it is proposed to limit the PLMN_ePDG_Preference configuration to VPLMN only. If LocationBasedFQDN is desired by home operator, it can be set through configuration for home ePDG.

Proposal 3: Limit the PLMN_ePDG_Preference configuration to VPLMN only. If LocationBasedFQDN is desired by home operator, it can be set through configuration for home ePDG.
Figure 2 shows the resulting ANDSF MO model for ePDG Selection Configuration which separates ePDG selection configuration for HPLMN and VPLMN. Corresponding ePDG selection procedure updates after factoring Proposal 3 is described in Annex 2 (marked with yellow highlight).
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 Figure 3. Separated HPLMN and VPLMN ePDG Selection Configuration

3. Conclusion

It is proposed to include the following enhancement proposals in stage 3 implementation to optimize ePDG selection procedure:
Proposal 1: Pre-configured home_ePDG_Identifier information (if available) can be used in cases when selecting home ePDG is needed to avoid unnecessary DNS query.

Proposal 2: Add a flag "UseHome_ePDG" to indicate selection of pre-configured home ePDG is mandatory in both HPLMN and VPLMNs.
Proposal 3: Limit the PLMN_ePDG_Preference configuration to VPLMN only. If LocationBasedFQDN is desired by home operator, it can be set through configuration for home ePDG.
Furthermore since ePDG selection procedure originally was defined in 24.302, and is a stage 3 level procedure, it is proposed that CT1 sends a request SA2 to move ePDG selection procedure defined in subclause 4.5.4.4 of TS 23.402 to TS 24.302.
Related CRs are provided in C1-15xxxx and C1-15xxxx. 
Annex 1. Revised ePDG selection procedure after factoring Proposal 1 and 2 (using TS23.402 subclause 4.5.4.4 agreed in S2-152676 as base):

The UE performs the ePDG selection as follows:

-
If the UE is configured with an FQDN or IP address in the ePDG identifier configuration defined in point 1) in clause  4.5.4.3 and the UseHome_ePDG flag is set to '1', then the UE shall either use the configured FQDN and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN, or the UE shall use the configured IP address; otherwise

-
If the UE is attached via 3GPP access to a PLMN that is in the ePDG selection information defined in point 2) in clause  4.5.4.3 (including the case when there is "any PLMN" value in the ePDG selection information), the UE shall select the ePDG in the PLMN by constructing an FQDN as described in clause 4.5.4.2, and using the DNS server function to obtain the IP address(es) of the ePDG(s) in the PLMN; otherwise

-
In all other cases, including the UE not attached to any PLMN via 3GPP access, the UE shall select the ePDG of the HPLMN: 
-
if the UE is configured with an FQDN or IP address of the ePDG(s) in the HPLMN in the ePDG identifier configuration, then the UE shall obtain IP addresses of ePDG using the configuration information;

-
otherwise the UE shall construct the FQDN according to clause  4.5.4.2, and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN. If no HPLMN or “any PLMN” value is present in the ePDG selection information, the UE construct the Operator Identifier FQDN for HPLMN. 

When ePDG selection in the VPLMN the UE is attached to fails:

-
If the  ePDG selection information for this VPLMN contains the “preferred” indication based on point 2) in clause  4.5.4.3, the UE shall select the ePDG of the HPLMN by constructing the FQDN as described in clause  4.5.4.2, and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN;

-
If the PDG selection information for this VPLMN contains the “mandatory” indication, the UE stops the ePDG selection.

NOTE:
If a selected ePDG is not reachable from an untrusted non-3GPP access, the UE attempts with the next discovered ePDG if available.
Annex 2. Revised ePDG selection procedure after factoring Proposal 3 (using TS23.402 subclause 4.5.4.4 agreed in S2-152676 as base):

The UE performs the ePDG selection as follows:

-
If the UE is configured with an FQDN or IP address in the ePDG identifier configuration defined in point 1) in clause  4.5.4.3 and the UseHome_ePDG flag is set to '1', then the UE shall either use the configured FQDN and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN, or the UE shall use the configured IP address; otherwise

-
If the UE is attached via 3GPP access to a PLMN that is in the ePDG selection information defined in point 2) in clause  4.5.4.3 (including the case when there is "any PLMN" value in the ePDG selection information), the UE shall select the ePDG in the PLMN by constructing an FQDN as described in clause 4.5.4.2, and using the DNS server function to obtain the IP address(es) of the ePDG(s) in the PLMN; otherwise

-
In all other cases, including the UE not attached to any PLMN via 3GPP access, the UE shall select the ePDG of the HPLMN: 
-
if the UE is configured with an FQDN or IP address of the ePDG(s) in the HPLMN in the ePDG identifier configuration, then the UE shall obtain IP addresses of ePDG using the configuration information;

-
otherwise the UE shall construct the Operator Identifier FQDN according to clause  4.5.4.2, and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN.  

When ePDG selection in the VPLMN the UE is attached to fails:

-
If the  ePDG selection information for this VPLMN contains the “preferred” indication based on point 2) in clause  4.5.4.3, the UE shall select the ePDG of the HPLMN by constructing the FQDN as described in clause  4.5.4.2, and use the DNS server function to obtain the IP address(es) of the ePDG(s) in the HPLMN;

-
If the PDG selection information for this VPLMN contains the “mandatory” indication, the UE stops the ePDG selection.

NOTE:
If a selected ePDG is not reachable from an untrusted non-3GPP access, the UE attempts with the next discovered ePDG if available.
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