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Abstract of the contribution: Avoiding complete service disruption during PGW and P-CSCF selection in large networks in case of the IMS APN. 
Discussion

According to current specification, a PDN GW can make decisions to delete PDN connections, for example if the inactivity timer is configured in PDN GW, which means that the PDN connection is deactivated after x hours of inactivity on the user plane. It is also possible for the MME “to redirect a PDN connection towards a different GW that is more appropriate for the UE's current location”. TS 23.401 specifies the needed mechanism to deactivate the PDN connections due to SIPTO. However, TS 23.401 also makes clear that GW relocatioion “…may cause disruption of services that are affected if the IP address changes”. 

When introducing IMS-based services into the network, both PGW and P-CSCF may be selected in the VPLMN when roaming. In large networks, e.g. in China, each province has its own EPC, and hence a local PGW in the province may be used both for local users as well as for users roaming in from other provinces. When such a user now moves from one province to another, e.g., in a train, the UE stays connected to the P-CSCF and PGW in the old province with all PDN connections, because the MME in the roaming-in province will keep the PDN connections to the PDN GW in the roaming-out province until the UE is restarted or performs re-attach. Note that in the train scenario the user may board the train in a city far away from the province boarder. Hence the user will still use the PGW and the P-CSCF in the old province while being in the roaming-in pronvince which may result, when the UE initiates or receives an IMS voice call, in long signaling and media legs for and sub-optimal, or even incorrect handling of originated and terminated IMS Voice calls if the user and P-CSCF are located in different provinces nd/or the needed configuration data e.g. for number normalization for all required provinces is not available in each province. Note that today number normalization is today provisioned per MSC. One reason for the above is that configured data in the P-CSCF, PGW and PCC is used that is optimized for or only valid for the particular province or for areas of other provinces that are just neighbouring that province . One example of such data is the TRF-addresses if the TRF as specified in TS 23.228 is used and configuration data on the TRF is required e.g. for number analysis. It is also prefered from a charging perspective to use the PDN GW and P-CSCF in the currently visited province to avoid
Moreover, just redirecting the PDN connection that is used for the IMS based services to a PDN GW in the roaming in province at any time (e.g. during an established IMS voice call) may result in disruption of services including loss of ongoing calls. Hence a solution is needed which allows to redirect PDN connections while minimizing and best avoiding disruption of services, as seen by the user. This does not preclude a temporary interruption of the IMS based services, but the user should not experience a complete disruption of the service. 
In the following we outline some possible solutions including an overview on their impacts
Solution 1: Basic logic is to use the location information, since the MME will forward the current location in most signalling messages (including mnc, mcc and .tai) to the SGW/ PDN GW /PCRF, and based on this location it can be decided if the PDN connection is to be disconnected or not. The decision can be taken either by the PDN GW or by the PCRF as follows:
· The PDN GW is enhanced with logic to deactivate PDN connections based on which SGW in which province / location the SGW that is currently used is situated in. The PDN connection to the IMS APN is only deactivated if there is no QCI=1 bearer established. This approach has the disadvantage to not allow to differentiate between subscriber groups such as normal and corporate users and to add special IMS APN related logic to the PGW. This approach would require the PGW aware the topology of the SGW location. It may not allow one SGW serves two neighbour provinces. And all work can be regarded as PGW implementation and no further standardization work is need.
· Configure the PCRF to detect if the location of the UE is outside a certain area and then to deactivate the PDN connection for the IMS APN only or for more/all PDN connections. The PDN connection to the IMS APN is only deactivated if there is no QCI=1 flow stablished. Using PCRF allows for example to have special rules for subscriber groups, i.e., to deactivate the PDN connection to the IMS APN only for “normal” subscribers and to not apply this rule for corporate subscribers. This approach would increase the amount of ULI reporting signalling, or require the simultaneous support of multiple Presence Reporting Areas per PDN connection, which was not agreed in CNO_ULI. Another variant would be to exclusively rely on a change of SGW to decide whether to release a PDN connection.
· If there is a QCI=1 flow present, there can for example be a configurable timer when a new check is made if there is a QCI=1 flow present or not,
This solution impacts the PDN GW or the PCRF, but has no impact on the UE.
Solution 2: Release of all PDN connections is initiated by the target MME if the UE is moving to a new MME in a different province. MME could be enhanced to understand that the PGWs that is used is not in the same province, e.g. using DNS or configuration. MME initiates this release based on knowledge that no other bearer but the default bearer / QCI=5 bearer on the IMS APN is established, or if there is not a QCI=1 bearer established, and/or that the UE is idle for a certain time. MME can decide to do this release of PDN connection only in case the MME has determined IMS Voice over PS support for this UE. This solution is based on SIPTO, i.e., the operator needs to mark the IMS APN for SIPTO enabled, and requires local configuration of the MME, hence does not require further standardization. 

This solution impacts MME, but has no impact on the UE.
Solution 3: Through EPS attach/location update and IMS registration,the UE knows both MME ID (contained in the GUTI) and P-CSCF ID, in which the location/province information is contained by some numbering rules. These numbering rules need to be standardized and known to the UE. When UE compares these two IDs and finds out that the MME and P-CSCF are at different location/provinces, and there is QCI=1 bearer (i.e., no IMS voice call active, on hold or in alerting phase), UE disconnects the existing IMS PDN connection and then establish a new IMS PDN connection which will be in the same location/province as the MME. This solution has the disadvantage to require digital-type P-CSCF ID (today the IP address of the P-CSCF is provided) which is not standardized yet and to provide the UE with configuration data that allows the UE to determine the location of MME and P-CSCF. This solution also has a main disadvantage: it requires the UE to know the network structure, which is not desirable at least from a security viewpoint.
This solution impacts both the UE and the P-CSCF.

Note that disconnection of the PDN connection results in the UE being detached (if all PDN connections are disconnected) and then the UE attaches again to the network. During the attach procedure, the PGW (or GGSN) is selected according to the rules in the MME, i.e., for the case under discussion a PGW in the local province would be selected. Disconnecting the PDN connection to the IMS APN while keeping other PDN connections will result in that the UE requests to establish a new PDN connection to the IMS APN, and also in this case the PGW is selected according to the rules in the MME. 
Proposal

It is proposed to discuss the above use case of gateway selection in case of the IMS APN and if there is agreement on the way forward, the supporting companies will arrange the needed offline discussion and provide, if needed, CRs to the next suitable meeting.
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