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Abstract of the contribution: This paper analyses the problem of LIPA PDN connection (PDP context) release at handovers and proposes a way forward.
1. Introduction

At SA2#80 it was agreed that at S1 based handover the source MME cleans up the LIPA resources as the target MME/SGW may not be able to reach the LGW co-located with the HeNB. During the discussion at SA2#81 and offline discussions the following issues were discovered with the solution agreed at SA2#80:

· At S1-based handover with MME change without SGW relocation the source MME will contact the SGW after the handover procedure when the contexts of the non-LIPA PDN connections of the UE in the SGW are already assigned to the S11 GTP-C tunnel to the target MME. Therefore it is SGW implementation dependent if the PDN connection release initiated by the source MME will be successful or not. (You can find more details about this problem in S2-104904.)
· Current UTRAN specification does not allow the case that the SGSN/MME requests bearers that are not present in the RNC transparent container. Therefore it is implementation dependent how a legacy RNC reacts for such a request, e.g., a legacy RNC may reject the handover. (You can find more details about this problem in S2-105023 and S2-105024.)
· RAN3 is working on optimized handovers between the HNBs. As SGSN/MME are not involved in such a handover, it is obvious that in this case they cannot trigger the release of the LIPA PDN connection.

This paper analyses the problem of LIPA PDN connection (PDP context) release at handovers and proposes a way forward. Note in the rest of this paper the term LIPA PDN connection is used, but the analysis also covers the 3G case with PDP context.
2. Discussion

In Rel-10 the mobility of a LIPA PDN connection is not supported therefore at any mobility event the LIPA PDN connection shall be released. This paper puts the mobility events in 3 categories:
· RAN based active mode handovers: X2-based handover or optimized handover between HNBs. Note that this type of handover can only happen within a CSG id.
· Core network-based active mode handovers: S1-based handover, S-RNC relocation, and inter-system handovers.
· Idle mode mobility: TAU, RAU, Service request procedures.
This section analyses the possibility to trigger the release of the LIPA PDN connection during the mobility events from different network elements:

· the source RAN;

· the target RAN;

· the source MME/SGSN;

· the target MME/SGSN;

· the LGW.

2.1 Analysis of the RAN-based HO scenarios
The source RAN based approach in this case means that the source H(e)NB does not include the LIPA bearers among the bearers to be handed over. The following issues have been identified with this approach:
· Some additional mechanism is needed to remove the core network resources and to notify the UE about the removal of the LIPA bearers. 

· If mobility is supported in future then it is difficult to assume that the source RAN node knows whether the bearers of the LIPA PDN connection can be handed over as it requires the knowledge of the target node capabilities and the subscription information on LIPA allowance.

The target RAN based approach means that the target H(e)NB rejects the bearers of the LIPA PDN connections. It is part of the handover procedures anyway that the target RAN can reject some bearers thus this does not require changes in the procedures. This approach requires that the target node to be LIPA aware. As in this case the target RAN node is a Rel-10 node anyway (that supports X2/optimized HO), it can be assumed that it is LIPA aware. The following issues have been identified with this approach:

· If mobility is supported in future then it is difficult to assume that the target RAN node knows whether the bearers of the LIPA PDN connection can be handed over as it requires the knowledge of the subscription information on LIPA allowance.

The MME/SGSN based approach means that the serving MME/SGSN is notified about the handover after the handover and then the MME/SGSN triggers the LIPA PDN connection release using the existing release procedures. The following issues have been identified with this approach:
· In case of optimized 3G handover an additional mechanism is needed to notify the core network about the handover. (In case of X2-based HO the Path switch message can be used to notify the core network about the handover.)

The LGW based approach means that the source H(e)NB notifies the LGW about the handover (this is a node internal notification in Rel-10), and then the LGW initiates the release of the PDN connection using the existing PGW/GGSN initiated release procedure. No issues have been identified with this approach.
Conclusions and proposal: As no issues have been identified with the LGW based approach and it requires no changes in the legacy interfaces, nodes and procedures, it is proposed to use the LGW based approach for this type of scenarios. 
2.2 Analysis of the core network-based HO scenario
The source RAN based approach in the case means that the source H(e)NB does not include the LIPA bearers in the transparent container. The following issues have been identified with this approach:

· Some additional mechanism is needed to remove the core network resources and to notify the UE about the removal of the LIPA bearers. 

· If mobility is supported in future then it is difficult to assume that the source RAN node knows whether the bearers of the LIPA PDN connection can be handed over as it requires the knowledge of the target node capabilities and the subscription information on LIPA allowance.

The target RAN based approach means that the target H(e)NB rejects the bearers of the LIPA PDN connections. It is part of the handover procedures anyway that the target can reject some bearers thus this does not require changes in the procedures. The following issues have been identified with this approach:

· It requires that the target node to be LIPA aware. As the target RAN node can be a legacy RAN node this approach does not seem feasible in this case. 

The source MME/SGSN based approach means that the serving MME/SGSN removes the LIPA bearers from the bearers to be handed over and releases the LIPA PDN connection at the 1st phase of the handover to avoid the GTP-C issue described in the introduction. The following issues have been identified with this approach:

· This approach causes the transparent container issue described in the introduction section, therefore it requires that the target RNC to be LIPA aware at some level. As the target RAN node can be a legacy macro RAN node this approach does not seem feasible in this case. 
The target MME/SGSN based approach means that the target MME/SGSN removes the LIPA PDN connection after the handover. In this way the transparent container issue can be avoided and the current MME/SGSN initiated release procedures can be used. The following issues have been identified with this approach:
· It requires that the target MME/SGSN supports LIPA.

· It might happen that the LGW is not reachable from the target SGW. In this case the LGW resources will not be released.
The LGW based approach means that the source H(e)NB notifies the LGW about the handover (this is a node internal notification in Rel-10), which initiates the release of the PDN connection using the existing PGW/GGSN initiated release procedure. If the target SGW is not reachable from the LGW then the target SGW/SGSN will not be able the update the PDN connection with the PGW/GGSN during the HO, and the LIPA PDN connection will be released due to this reason. The LGW will also notice the problem when it contacts the source SGSN/SGW, so the resources will be cleaned up there as well. No issues have been identified with this approach.
Conclusions and proposal: As in the LGW based approach no issues have been identified and it requires no changes in the legacy interfaces, nodes and procedures, it is proposed to use it for this type of scenarios. 

2.3 Analysis of the idle state mobility scenario
The RAN based approach in some of the cases cannot really work as RAN nodes are not really involved.

The source MME/SGSN based approach means that the source MME/SGSN removes the LIPA bearers from the bearers and releases the LIPA PDN connection. No issues have been identified with this approach.

The target MME/SGSN based approach means that the target MME/SGSN removes the LIPA PDN connection using the current MME/SGSN initiated release procedures. The following issues have been identified with this approach:

· It requires that the target MME/SGSN supports LIPA.

· It might happen that the LGW is not reachable from the target SGW. In this case the LGW resources will not be released.

The LGW based approach means that the LGW initiates the release of the PDN connection using the existing PGW/GGSN initiated release procedure. The following issues have been identified with this approach:

· In the current procedures if there is no SGW or SGSN relocation the PGW/GGSN is not notified about the mobility therefore this solution would require changes in the current procedures.

Conclusions and proposal: In these scenarios the source MME/SGSN based approach is the most straight forward solution. 

3. Proposal

Based on the analysis presented in this paper it is proposed that in case of active mode handovers the LGW initiates the release of the LIPA PDN connection, and in case of idle mode mobility procedures the source MME/SGSN is the element that removes the LIPA PDN connection.
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