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This document discusses the problems on connecting the PDN GWs and Serving GWs supporting different protocols (i.e., GTP or PMIP), and the solutions of the PDN GW, Serving GW selection and the S8x mobility protocol selection.
1 Introduction
It has been agreed that either GTP or PMIP might be used on the S8 roaming interface between the Serving GW and the PDN GW in spite of for the 3GPP or for the non-3GPP access (chained roaming case, home routed), and the S8a interface is GTP-based while the S8b is for PMIP. There might be three types of PDN GWs to a same PDN in one PLMN, e.g. the GTP-supported only PDN GWs, the PMIP-supported only PDN GWs and the GTP/PMIP-supported PDN GW, Some of which may only be used for non-roaming case while others for roaming case. In the other hand, for network deployment, the Serving GWs in different visited PLMNs also present diversity, i.e., they may support GTP only, PMIP only or GTP/PMIP both. Although operators of different PLMNs can configure the fixed Serving GWs and a unique protocol for roaming to the corresponding PLMNs, this collocation lacks flexibility and even the PDN GWs connecting to a same PDN in a PLMN might support different mobility protocols because of network upgrading, or signing a new roaming agreement which need deploy a new roaming interface, etc. Therefore, a static GW and S8x protocol configuration is not enough for roaming scenario.
Then problems appear: 
-How does the visited PLMN know which mobility protocol the PDN GWs of home PLMN support?
-How to select a proper Serving GW and then instruct the Serving GW to create bearer to the PDN GW using right protocol?
The same problems may exist on the S5 interface in 3GPP non-roaming scenario.
2 Discussion
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Figure 1: Correspondence of PDN GW, APN and Mobility Protocol
In order to resolve the problem above, if the DNS function is used to resolve the PDN GW address and the PDN GWs of supporting disparate mobility protocols are deployed connecting to one PDN in the same PLMN, these PDN GWs could be differentiated by different FQDNs. Figure 1 gives an example for it. The PDN GW 1-5 are all connecting to the PDN X (the original APN is APN X), By requesting DNS server using FQDN1, The address of PDN GW 1 and 2 can be returned, which support GTP only. While the address of PDN GW 3 and 4 can be retrieved by using FQDN2 which support PMIP only. The address of PDN GW 5 can be retrieved by using FQDN3 which support both GTP and PMIP for S5/S8 interface.
It will be helpful if a table indicating the above relationship between FQDN, PDN GW , APN and the mobility protocols of PDN GW can be configured in the network. The PDN GW address can be retrieved by using the correct FQDN. And the serving GW selection can be performed according the mobility protocol the serving GW selected based on the mobility protocols the PDN GW can support.
The correspondence of the FQDNs of the PDN GWs and their supporting abilitiy of mobility protocol can be achieved by the access network through one of the three solutions below:
Solution 1: Adding explicit indicators in APN
The APN is expanded by adding GTP, PMIP and GTP_PMIP or similar labels/prefixes/ suffixes in the Network Identifier or the Operator Identifier to definitely indicate the mobility protocol that the PDN GWs support. These newly expanded APNs (sub-APNs) substitute the original APN in the network.. In other words, it seems as that the PDN is divided into sub-PDNs, and the PDN GWs connecting to each sub-PDN support the same mobility protocols. 
For the 3GPP access, when receiving the sub-APNs (as part of  subscription data), by refering to the supporting abilities of mobility protocols of these APNs in the NI or OI part , the MME firstly decide which sub-APN should be used for the default PDN and use this sub-APN to retrieve a PDN GW address, and then select a proper Serving GW which support the mobility protocol of the sub-APNaccording to local policy and network deployment, and instruct the Serving GW the accurate mobility protocol for setup connection between the Serving GW and the corresponding PDN GW. 
For the non-3GPP access (chained roaming case, home routed), when the AAA proxy receives the sub-APN(s), it firstly decides which sub-APN should be used for the default PDN in the serving network. The AAA proxy sends the selected sub-APN to the MAG of the non-3GPP access network. The MAG then retrieved the PDN GW address based on the sub-APN. The AAA proxy may select a proper Serving GW that can support the mobility protocol of the sub-APN according to local policy and network deployment. 
In solution1, in order to insure the connectivity of the UE to a PDN, the subscription data may include more than one APN for this PDN. For example, if the PDN GWs connecting to a PDN are GTP-only ones and PMIP only ones, both the APN of GTP-only and the APN of PMIP-only may be registered as default APNs in the subscription data by the operator of HPLMN for the UE. 
Solution 2: Implicit indication using APNs with exact abilities of mobility protocols
Solution2 is similar with solution1, while the structure of APN is not changed and the PDN GWs of different supporting abilities of mobility protocols are just simply corresponded with disparate APNs. Relation tables of the APNs and the supporting abilities of mobility protocols of the APNs are statically shared in roaming agreements or dynamically updated by other means between PLMNs. The network entities having the functionality of selecting Serving GW or PDN GW look up the APNs in the table and obtain the supporting ability of mobility protocols of them. The entities may include MME, AAA and AGW/ePDG.
Insolution2, in order to insure the connectivity of the UE to a PDN, the subscription data may also include more than one APN for this PDN. 
Solution 3: Constructing new FQDNs
In solution3, all the APNs restored in HSS/AAA as user subscription information are not changed, but PDN GW IP addresses are corresponded with new FQDNs in the DNS Server. Each new FQDN is constructed by anl APN and the mobility protocol capability of the PDN GWs connecting to the corresponding PDN and other information. Relation tables of the APNs and all the mobility protocols supported by the corresponding APN are shared between PLMNs. The difference of between the relation table of solution 2 and solution 3 is that the APNs are original ones in the table of solution 3 and the PDN GWs corresponding to each APN may include GTP-only PDN GWs, PMIP-only PDN GWs and both GTP/PMIP supporting PDN GWs at the same time. The support ability of mobility protocols of an APN is an aggregate of the mobility protocols abilities that all the PDN GWs connecting to the corresponding PDN support.
The entities having the functionality of selecting Serving GW look up the APNs in the relation table and obtain the supporting ability of mobility protocols of any APN. For non-3GPP access, the AAA proxy select the S-Gw according the selected mobility protocols used for S8 interface, and indicate the MAG of the non-3GPP access network for the protocol type with the APN. 

In 3GPP access, The MME have the selection function both of S-Gw and P-GW. 
In order to get the PDN GW IP address, the MME or the AGW/ePDG constructs the FQDN using the APN, the selected mobility protocol of the APN and other available information and performs a DNS query to resolve it.
The rule used to construct the FQDNs with mobility protocol indicators may be defined in roaming agreement.  
Advantage: 
In order to connect to a PDN, just one APN in the subscription data of the UE is needed. The network entities inquire about the supporting ability of mobility protocol and construct the FQDN using the same original APN. The APNs signed in the subscription data are independent of what mobility protocols the PDN GWs connecting to the corresponding PDNs support.
3 Conclusion

The principle of PDN GW, Serving GW and mobility protocol selection mechanism:

· In one PLMN, there may be different PDN GWs which support different mobility protocols to single PDN. Static network deployment and mobility protocol is not enough to support inter-connectivity of multiple access network technologies and global roaming. For dynamic GW selection, supporting abilities of mobility protocols of the GWs are the basic factors.
· The relationship of the APNs and their supporting abilities of mobility protocols is shared between PLMNs by roaming agreements.

· The PDN GWs connecting to a same PDN with distinct supporting abilities of mobility protocols are corresponded to different FQDNs in the DNS Server. The PDN GW corresponds to per FQDN has the same mobility protocol(i.e. GTP, GTP/PMIP or both). 
· In order to execute DNS query and obtain the PDN GW address, the FQDN is constructed by the MME/AGW/ePDG from available information, including the APN and indication of mobility protocol the PDN GW supporting. 

It is proposed for SA2 to discuss and agree with the above principles. The modifications in TS23.401 and TS23.402 are included in S2-080151 and S2-080183 respectively.
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