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1.
Introduction
LIPA deactivation was discussed in SA2 during the past several meetings, in which the agreement was made. That is, L-GW initiates and completes the release of the LIPA PDN connection before handover starts. Meanwhile, in the last RAN3 meeting the X2 direct interface based HeNB mobility enhancement was adopted in Rel-10 specification. If UE served by HeNB, which supports LIPA, requires S1 or X2 handover to the neighbour HeNB, some problems may happen. In this paper, we will analyze the possible impacts to S1 handover and direct X2 interface based handover due to the LIPA PDN connection deactivation. 
2.
Discussion
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Fig.1. PDN GW Initiated Bearer Deactivation (UE in active mode).

As mobility of the LIPA PDN connection is not supported in Rel-10, SA2 has agreed that the LIPA PDN connection shall be released when the UE moves away from H(e)NB. Before starting the handover procedure towards the target RAN, the H(e)NB shall request the collocated L-GW to release the LIPA PDN connection by using an intra-node signalling. The L-GW shall then initiate and complete the release of the LIPA PDN connection using the PDN GW initiated bearer deactivation procedure shown in Fig.1.
Meanwhile, in the last RAN3 meeting, X2 direct interface based handover was agreed for the mobility enhancement. X2-based handover between HeNBs is allowed if no access control at the MME is needed, i.e. when the handover is between closed/hybrid access HeNBs having the same CSG ID or when the target HeNB is an open access HeNB. Even in this case, the LIPA PDN connection can not be kept according to the SA2 agreement above. The message to CN is necessary. Thus, the impact to current specification needs to be investigated. 
From now on, the possible problems will be discussed. The PDN GW initiated bearer deactivation procedure shown in Fig. 1 is used for the LIPA PDN connection release. According to SA2 agreement, during the procedure, the H(e)NB will proceed with the handover preparation procedure towards the target RAN when the E-RAB context is clear for the Correlation ID. Therefore, from Fig.1 we can see that the source HeNB may initiate the handover preparation after step 6b since 6b stands for the E-RAB RELEASE COMPLETE message, after which the HeNB may think that the corresponding E-RAB including E-RAB context is already released. The HeNB may also wait and initiate the handover preparation after step 7b. At that time MME can get the release confirmation from UE. 
In addition, SA2 also agreed that at the handover the source MME will verify whether the LIPA PDN connection has been finally released. If it has not been released, the source MME rejects the handover. Based on this agreement, one point needs to be clarified in order to avoid the possible problems. That is, at which timing (AA or BB shown in Fig.1), when receiving E-RAB RELEASE COMPLETE message (step 6b) or when receiving UPLINK NAS TRANSPORT message (step 7b), MME verifies whether the LIPA PDN connection has been finally released or not. If the HeNB initiates the HO just after sending step 6b and MME verifies at timing BB, thus MME may reject the handover to source HeNB.
Also if we consider radio bearer release procedure, there may have delay problem whether in the case of X2 direct interface based handover or in the case of S1 handover. Step 5 and 6a in Fig.1, i.e., RRC CONNECTION RECONFIGURATION messages, are for LIPA radio bearers release. Actually for other PDN connections, which will be handed over to target HeNB, the corresponding radio bearers are also needed to be released when the handover is acknowledged. Thus, the RRC CONNECTION RECONFIGURATION messages have to be sent again between the source HeNB and UE, which causes handover delay problem.  If the optimization is considered, the radio bearers of LIPA PDN connection and other PDN connections could be released at the same time, i.e., after the handover request is acknowledged.
Based on the analysis above, the following proposal is suggested to RAN3.
Proposal): The following problems need to be clarified for LIPA PDN Connection deactivation related handover issues:

1) The timing at which MME verifies whether the LIPA PDN connection has been finally released or not
2) The timing at which source H(e)NB initiates the handover preparation, i.e., sending HANDOVER REQUIRED message or HANDOVER REQUEST message
3) Whether the optimization needs to be considered in Rel-10 for solving handover delay problem
3. Conclusions
In this paper, the problems of LIPA PDN Connection Deactivation to S1 or X2 handover were investigated. The following proposal is kindly suggested to RAN3:
Proposal): The following problems need to be clarified for LIPA PDN Connection deactivation related handover issues:

1) The timing at which MME verifies whether the LIPA PDN connection has been finally released or not
2) The timing at which source H(e)NB initiates the handover preparation, i.e., sending HANDOVER REQUIRED message or HANDOVER REQUEST message

3) Whether the optimization needs to be considered in Rel-10 for solving handover delay problem
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