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Abstract of the contribution:

This contribution discusses the issues and evaluates the different options to address the LIPA PDP Context/PDN Connection Deactivation problem in Rel-10.

Introduction
In 3GPP Rel-10 LIPA is enabled through a dedicated LIPA PDP context/PDN connection between the UE and a Local GW (L-GW). In this release, the L-GW is co-located with the H(e)NB. Also, mobility of LIPA bearers is not supported.
As a consequence, the LIPA PDP Context/PDN connections needs to be deactivated when the UE leaves the coverage of the H(e)NB where the LIPA connection was established.


Discussion 

The following problems have been identified:

1. When to initiate the LIPA PDP context/PDN connection deactivation?

The deactivation of the LIPA PDP context/PDN connection can take place during or after the handover procedure. Since the deactivation of the LIPA PDP context/PDN connection according to current procedures involves NAS signalling between the SGSN/MME and UE to inform the UE of the deactivation, either the source or target SGSN/MME needs to be involved and finally “approve” the deactivation. 

Note: As we can see later, the initiation of the LIPA PDP context/PDN connetion deactivation procedure is independent from this.

Option 1: During the handover procedure

In this case, the source SGSN/MME enforces the deactivation. The disadvantage here is that the NAS signalling to the UE that is required for the deactivation has to be carried out during the handover procedure. Since the NAS-level interaction with the UE can take some time, the handover procedure will be delayed. Furthermore, new procedures are required to support this. 
Option 2: After the handover procedure

In this case, the target SGSN/MME enforces the deactivation after the handover procedure has been completed. This has the advantage that no new procedures are required. The disadvantge is that the target SGSN or target MME/S-GW must be able to reach the L-GW.
Conclusion 1: LIPA PDP context/PDN connection deactivation shall be approved/enforced by the SGSN/MME. 

Conclusion 2: LIPA PDP context/PDN connection deactivation should be initated after the handover procedure in order to avoid adding unnecessary delay during the handoff and impact on existing rocedures.
2. Which entity initates the LIPA PDP context/PDN connection deactivation?

In order to reuse existing procedures, there are basically the following two posibilities: 

Note: At what point in time the deactivation is initiated – either during or after the handover – is independent of the question: which entity initates the deactivation.
Option 1: SGSN or MME
In this option, it is assumed that either the source or target SGSN/MME initates the LIPA PDP context/PDN connection deactivation procedure. 

The problem with this solution is that the SGSN is not aware of optimized intra-CSG handovers supported by the HNB GW. The procedure of the optimized intra-CSG handovers between 3G HNBs is illustrated here: 
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Option 2: L-GW

In this option, the L-GW will initate the LIPA PDP context/PDN connection deactivation based on the existing P-GW/GGSN initiated PDN/ PDP disconnection procedure. The trigger for the L-GW to initite the LIPA deactivation can come from the H(e)NB. Since the L-GW is collocated with the HNB, this is straight forward in Rel-10. 
This solution works well in all handover scenarios: Iu HO with SGSN, optimized intra-CSG handover based on HNB GW, S1 and X2.

Note: In Rel-11, a standalone L-GW can also take the deactivation of the “direct path” as trigger for the LIPA deactivation.

Conclusion 3: LIPA PDP context deactivation must be initated by the L-GW in case of optimized intra-CSG handovers handled by the HNB GW (as the SGSN is not aware).

Conclusion 4: In order to use a single solution for all handover scenarios, the LIPA PDP context/PDN connection deactivation should be consistently initated by the L-GW.
3. Should the LIPA radio bearers be relocated or released immediately? 

During the handover procedure the source H(e)NB either includes all the radio bearers in the transparent container sent to the target H(e)NB or (e)NB, or it excludes the LIPA bearer. 

Option 1: Transparent container from source H(e)NB to target H(e)NB/(e)NB excludes the LIPA bearer
This option has the advantage that the LIPA radio bearer will be released during the handover procedure.  I.e., the source H(e)NB will already exclude the LIPA radio bearer from the transparent container sent to the target H(e)NB/(e)NB, and the target H(e)NB/(e)NB will never establish them. 

The disadvantage of this is that the source H(e)NB requires a special logic that explicitly excludes the LIPA radio bearers from the transparent container and a new procedure to inform the UE of the LIPA radio bearer release. Furthermore, the SGSN/MME needs to be enhanced in order to include only the non LIPA bearers in the relocation request.

Option 2: Transparent container from source H(e)NB to target H(e)NB/(e)NB includes all bearers
This option is the default mode of operation and has the advantage that no special support in the source H(e)NB and the source SGSN/MME is required. The only disadvantage is that the SGSN/MME and target H(e)NB/(e)NB will also “hand over” (relocate) the LIPA bearer during the handoff/hand-out. However, since the LIPA bearer is only expected to be a “best effort” bearer that remains for a short moment (as the LIPA PDP context/PDN connection is anyway deactivated immediately after the handover), no real disadvantge is foreseen here. 
Conclusion 5: The gain from explicitly excluding LIPA bearers during the handover is marginal, but requires enhancements in both the source H(e)NB and the SGSN/MME. 

Conclusion 6: Default handover of all bearers (incl. the LIPA bearer) with immediate LIPA bearer deactivation after the handover requires only minimal enhancements to the source H(e)NB and no change on the SGSN/MME.

Proposal
Based on the evaluation and conclusions reached above, NEC recommends the following:

· Source H(e)NB should follow the normal handover procedure and relocate all bearers (incl. the LIPA bearer);
· LIPA PDP context/PDN connection deactivation should be initated by the L-GW immediately after the handover procedure (in order not to unnecessarily add delay and avoid impact on existing rocedures);
· LIPA PDP context/PDN connection deactivation shall be approved/enforced by the SGSN/MME. 
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