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Abstract of the contribution: This discussion paper analyzes already proposed approaches to deactivate a SIPTO@LN PDN connection when UE is accessing an access node that does not have direct connectivity with the L-GW and proposes a new way of deactivating a SIPTO@LN PDN connection. 
Introduction
SIPTO at the Local Network was concluded during the last SA2 meeting with two architectures: standalone L-GW architecture and collocated L-GW architecture. For this release of the specification, SIPTO at the Local Network is intended for offloading Internet traffic only. If UE is accessing an access node that does not have direct connectivity with the L-GW, i.e., the traffic traverse through any of Core Network node, the routing path for the PDN connection becomes considerably inefficient. Thus, SIPTO@LN PDN connection shall be deactivated as soon as the UE moves to an access node that does not have direct connectivity to the L-GW. Due to lack of time during the last meeting, we captured a tentative solution to deactivate the SIPTO@LN PDN connection and agreed to revisit the issue.
Note that significant portion of the contemporary mobile traffic is mobile terminating (MT) traffic, and the UE expects to be able to receive any MT traffic as long as the UE maintain the connectivity to the network. Unlike LIPA PDN connection where LIPA PDN connection is requested with predetermined APN by the UE, for SIPTO@LN, network decides whether a PDN connection (for Internet traffic) is established through a GW in the CN or an L-GW in the local network (i.e., SIPTO@LN). Therefore, UE is agnostic whether a PDN connection is SIPTO@LN or non-SIPTO@LN. In order to allow UE to receive MT traffic all the time, the fact that SIPTO@LN is deactivated should be signalled (either explicitly or implicitly) to the UE as soon as the PDN connection is deactivated. 
If the Network, either L-GW or MME/SGSN, deactivates the SIPTO@LN PDN connection with “reactivation requested” cause value when UE moves to an access node that does not have direct connectivity to the L-GW as shown in Figure 1, the UE initiates a PDN connection establishment with the same APN as soon as the UE receives RRC reconfiguration message indicating that the existing PDN connection, which was SIPTO@LN PDN connection, is deactivated. The new PDN connection is likely to be a non-SIPTO@LN PDN connection though it is also possible that the new PDN connection could be a SIPTO@LN PDN connection with a new L-GW. 

If UE determines that the PDN connection is deactivated (e.g., at the end of TAU procedure), the UE informs the loss of connectivity to the application layer (possibly to multiple applications). An application that utilizes MT traffic, such as IM, email client, and any application with PUSH notifications, is likely to trigger a PDN connection establishment upon being informed of loss of connectivity. Thus, it has been argued that it should be enough for a UE to recognize the PDN connection is deactivated implicitly, e.g., at the end of TAU procedure. But, this argument relies on an assumption that the applications are implemented in a certain way. To make the feature robust, it is preferable to have explicit signalling with cause value “reactivation requested” as this approach does not rely on the UE implementation.

Three different approaches have been introduced to 3GPP SA2. But, each of them has its own drawbacks. In the following section, we are analyzing those three proposals and the proposal section presents a proposal that overcomes all the addressed drawbacks.
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Figure 1: Deactivating SIPTO@LN PDN connection with “Reactivation requested”
Discussion

There have been three proposals on how to deactivate SIPTO@LN PDN connection when UE moves to a (H)eNB that does not have direct connectivity to the L-GW. For intra-MME mobility, all three proposals are broadly similar – i.e. the MME triggers the deactivation at the end of the mobility procedure. In an intra-MME mobility case, the serving MME knows the source and target cells, thus the MME can make a correct decision as to whether deactivation is appropriate.

The differences are most significant for inter-MME mobility procedures as followings.

L-GW deactivates SIPTO@LN PDN connection when a timer expires
This solution was proposed by Intel and Huawei, etc and was addressed in S2-130291. 

For an intra MME/SGSN mobility procedure, if the MME/SGSN determines that the cell the UE accesses does not have the direct connectivity to the L-GW, the SGSN/MME shall deactivate the SIPTO at the Local Network PDN connection with the "reactivation requested" cause value at the end of the mobility procedure. If the UE has no other PDN connection, the MME initiates "explicit detach with reattach required" procedure.

In case of the Inter-MME/SGSN mobility, before removing the MM and bearer contexts, the source SGSN/MME shall send a ‘L-GW reallocation Request’ message to (H) (e)NB, which is used to trigger the L-GW to deactivate the SIPTO at the local Network PDN connection. The (H)eNB shall request using intra-node signalling the collocated L-GW to re-establish the SIPTO at Local Network PDN connection. The L-GW starts a timer. When the timer expires, the L-GW shall initiate the release of the SIPTO at Local Network PDN connection using the PDN GW initiated bearer deactivation procedure or GGSN initiated PDP context deactivation procedure with the “reactivation required” cause value. 
This was proposed for the collocated L-GW architecture. Thus, the (H)eNB shall request using intra-node signalling the collocated L-GW to re-establish the SIPTO at the Local Network PDN connection at (H)eNB’s own decision or based on the ‘L-GW Reallocation Request’ message from MME/SGSN. If standalone L-GW architecture is used, another control message between (H)eNB and L-GW or between MME/SGSN and L-GW needs to be defined. 

Furthermore, the timer value has significant impacts on the efficiency of the solution. If the timer expires before the mobility procedure finishes, the deactivation request message may not be delivered to the target system. If too large timer value is set, considerable amount of UL and/or DL traffic may be transported through an inefficient routing path through L-GW. In this case, the PDN connection deactivation and re-activation happen in the middle of user activities, and the user experiences poor service during the procedures.
Source MME/SGSN deactivates SIPTO@LN PDN connection
This was proposed by Ericsson during the last meeting and was captured in S2-130657.

In case of the intra-MME/SGSN mobility, upon completion of the mobility procedure the MME/SGSN shall deactivate the SIPTO at the local Network PDN connection with the "reactivation requested" cause value. If the UE has no other PDN connection, the MME initiates "explicit detach with reattach required" procedure. 

In case of the Inter-MME/SGSN mobility, as part of the mobility procedure, the source MME shall remove the bearer(s) corresponding to the SIPTO at Local Network PDN connection and shall release the core network resources associated to the SIPTO at the Local Network PDN connection by performing the MME/SGSN-initiated PDN Connection Deactivation before transferring the UE Context Information to the target system.

With this solution, inter-MME/SGSN handover procedure fails all the time as RAN3 specifications do not allow mismatch between the radio bearer contexts in the Source to Target transparent container and the bearer contexts provided from the target MME/SGSN to the access node. This problem was reported when we were working on LIPA in Rel-10. Therefore, the handover has to be reattempted, which may not be successful if UE moves fast. Furthermore, this solution is based on an assumption that the access node at the target system does not have direct connectivity to the L-GW though it is a valid use-case where (H)eNB and HNB co-exist in a Local Network. With this approach, the UE cannot get the explicit signals such as “reactivation requested” cause value. Therefore, we are relying on the proper implementations in the applications.  
SIPTO@LN deactivation by the target system
This was proposed by Research In Motion and was introduced in S2-130314. 
If SIPTO at the Local Network with an Local GW function is active for a PDN connection, and if the cell accessed by the UE does not have direct connectivity to the L-GW, upon completion of the mobility procedure the MME/SGSN (for inter-MME/SGSN mobility, the target MME/SGSN) shall deactivate the SIPTO at the Local Network PDN connection with the "reactivation requested" cause value. If the UE has no other PDN connection, the MME initiates the "explicit detach with reattach required" procedure. In case of inter-MME mobility, the source MME shall provide an indication whether a PDN connection is a SIPTO at the Local Network PDN connection.
This approach is not complete as the solution may not work if the target MME/SGSN is not aware of SIPTO@LN. As long as the target MME/SGSN is capable of handling SIPTO PDN connection introduced in Rel-10, this drawback can be mitigated by network configuration. But, there is no guarantee that the target system is capable of handling SIPTO PDN connection.
Proposal

Figure 2 depicts how the proposed solution works. When a SIPTO@LN PDN connection is established through a PDN connection establishment procedure or as a part of Attach procedure, the L-GW includes MS Info Change Reporting Action (Start) to the Create Session Response message to request the serving MME/SGSN to report the user location information whenever the user location changes. When a mobility event occurs, the serving MME (in the figure 2, the serving MME is the target MME as the figure shows a scenario where inter-MME mobility event occurs) reports the current user location information to the L-GW through Modify Bearer Request message. The Modify Bearer Request message is routed through the serving S-GW. On receiving the Modify Bearer Request, the L-GW compares the received user location information with the saved information. If the L-GW determines that the UE is accessing an access node that does not have direct connectivity to the L-GW based on the comparison, the L-GW initiates PDN connection deactivation procedure with “reactivation requested” cause value. With this proposal, MME/SGSN does not take any additional action for deactivating a SIPTO@LN PDN connection.
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Figure 2: ULI based SIPTO@LN PDN connection deactivation
This solution does not have any drawback addressed above, nor requires any modification in stage 3 specifications. Therefore, we propose to adopt this solution to deactivate SIPTO@LN PDN connection when UE moves to an access node which does not have direct connectivity to the L-GW.
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