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Abstract of the contribution: This contribution discusses the LIPA PDN deactivation issue. This is a joint Alcatel-Lucent RAN2/RAN3/SA2 paper. 
1 Introduction
At SA2#80 for the LIPA PDN deactivation it has been agreed to deactivate it on the source side and the source MME does not include it in the CONTEXT to be transferred to the target side (refer to S2-104399/4400). During the off-line discussion, two possible problems have been raised in SA2: 
A) Whether the source MME/SGSN can deactivate the LIPA PDN connection after the HO procedure?

B) Whether the bearer information in the CONTEXT information can be different than the information in the RAN container?

At the same time, RAN3 sent an LS to inform about the expected support of intra-RAN optimized HNB-HNB mobility in release 10 which creates another potential issue.

This paper analyses all the issues associated to this LIPA PDN connection deactivation and how to resolve it.

2 Discussion
2.1 GTP issue 

One alternative could be that the target RAN rejects the LIPA bearers, but the target RAN could be a legacy RAN for e.g. macro cellular network and it is not reasonable to upgrade all the RANs that could be handover targets.

One other alternative could be that the target MME/SGSN rejects the LIPA bearers but the target MME/SGSN/SGW may not be able to reach the L-GW co-located with the H(e)NB. This may be the case in shared networks at handover between the two PLMNs since the target SGW will be in a different network than the source H(e)NB L-GW. In addition, it is not desirable to modify the target MME/SGSNs.

All possible target MME/SGSN need support the LIPA feature. It also means if operator has deployed LIPA feature in one part of its network it may require all of its MME/SGSN to be upgraded to support the UE mobility. This seems unnecessary. 
LIPA PDN connection can be distinguished from the non-LIPA PDN connection. That is in Rel-10 the LIPA PDN connection always be required to be removed when UE move out of the H(e)NB even the same SGW may still be selected. This requires some standardization work to define one mechanism. Till now it is not clear what the impact it will be introduced? 
Conclusion 1: the decision for LIPA PDN connection removal should come from the source side. Three options: 
· option1 is LIPA PDN connection removal decision by source SGSN/MME, 
· option 2 is LIPA PDN connection removal decision by the H(e)NB in source RAN node with PDN connection deactivation from L-GW, 
· option 3 is LIPA PDN connection removal decision by the H(e)NB in source RAN node but with PDN connection deactivation from the source SGSN/MME. 
2.2 RAN Container Issue 

This issue is due to the statement in TS25.413 that RABs required by the CN node shall at least include all the RABs contained in the RAN container for the handover between UTRAN:

In a UTRAN to UTRAN relocation, the message shall contain the information (if any) required by the UTRAN to build at least the same set of RABs as existing for the UE before the relocation, except the relocation due to SRVCC operation
To make above mentioned option 1 work, it is therefore necessary to update the target RAN node which can be legacy NB or HNB. If it is a legacy NB, the legacy target RNC need to be upgraded to make a behaviour exception like it was done for the SRVCC feature. Upgrading the target RAN node is not desirable like for the target CN node in section 2.1. 
With the above mentioned options 2 and 3, the target HNB or RNC doesn’t need to be LIPA upgraded: the source H(e)NB will not include the LIPA bearers in the RAN container. 
Conclusion 2: the option 1 leads to necessary upgrade of target RAN for LIPA awareness which is not desirable. 
2.3 Number of Messages 

In both options 2 and 3, the LIPA PDN connection must be released up to the UE i.e. including NAS PDN deactivation procedures, before sending the Handover Command to the UE. The LIPA deactivation and the Handover preparation may be done in parallel. The coordination between the Handover command and the LIPA PDN Deactivation can be in the source H(e)NB.
In option 3, the source SGSN/MME is additionally triggered to deactivate the LIPA PDN connection by a RAB Release Request message (respectively E-RAB Release Indication message). 
The option 2 is illustrated below (derived from 23060 section 9.2.4.3):
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The option 3 is illustrated below (derived from 23060 section 9.2.4.2):
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Conclusion 3: in the UMTS scenario, the option 3 has one more message (the RAB Release Request or a new triggering message) , a bit more delay and a bit more SGSN impact (trigger from new message) compared to option 2. 

2.4 Optimized intra-RAN Mobility 
RAN3 has designed an optimized intra-RAN mobility for HNB-HNB handover for release 10. This currently has 2 variants: either via HNB GW or direct interface. Regardless of these 2 variants the SGSN is not involved at all in the relocation. 

RAN3 has worked for more than a year on this feature. It has already been postponed from release 9 to release 10 and RAN3 doesn’t want to jeopardize it again in release 10. In particular, this feature is expected to be used in the enterprise environment, in which LIPA PDN connection is going to co-exist.

The option 1 cannot co-exist with this optimized intra-RAN mobility because the SGSN is not aware of the HNB-HNB on-going handover procedure and therefore cannot trigger the LIPA PDN connection deactivation. This means that every time LIPA is operated on an HNB, the RAN optimized mobility cannot be used.
The option 2 is a compatible option with this intra-RAN HNB-HNB optimized mobility: because the source HNB is aware of the relocation, it can inform the collocated L-GW to trigger the LIPA PDN connection deactivation. The L-GW will relay the LIPA PDN connection deactivation to the S-GW and the MME. When in Rel-11, the LIPA PDN connection is kept e.g. in the same CSG, there is no message to the CN. 
The option 3 is also a compatible option as when in Rel-11 the LIPA PDN connection is kept e.g. in the same CSG, there is no message either to the CN.
Conclusion 4: only option 2 and option 3 can coexist with the intra-RAN HNB-HNB optimized mobility expected by RAN3 for release 10.
2.5 Idle Mode Mobility 
In case of idle mode mobility, only CN node can trigger the LIPA PDN connection deactivation because there is no context in the RAN in idle mode. CN could detect the mobility out of the HNB via TAU and trigger the LIPA PDN connection deactivation at that time. 
The option 1 therefore presents the advantage of similar solution for the idle and connected mode: in both cases the CN trigger the LIPA PDN connection deactivation. The advantage is though limited since the trigger conditions would be different: TAU condition for idle mode, Handover message for connected mode.
The option 2 makes no combined solution: CN triggers LIPA PDN connection deactivation for idle mode and RAN (via L-GW) triggers LIPA PDN connection deactivation for connected mode.
Conclusion 5: the option 1 allows “similar” CN trigger for both idle and connected mode mobility out of the HNB. 
2.6 Release 11 forward compatibility
In release 11, the L-GW can be stand-alone.
The option 1 could be reused without any further modification. However, it would continue suffering from the two flaws of release 10: no support of intra-RAN optimized mobility, necessary upgrade of neighbour RNC and non-supporting LIPA HNB.
In particular, the use of optimized HNB-HNB mobility is NOT expected to stop after release 10, but on the contrary to continue to be widely used. 
Therefore in release 11 like for release 10, only the options 2 and 3 can coexist with the optimized intra-RAN mobility. In option 2, even if the L-GW is stand-alone, the source HNB can trigger the LIPA PDN connection deactivation by a new message sent to this L-GW. The option 3 can also coexist. The differences between options 2 and 3 for release 11 are therefore:

· in option 2 the LIPA PDN connection deactivation is signalled from H(e)NB to L-GW and relayed to S-GW and MME, while in option 3 the LIPA PDN connection deactivation is signalling from H(e)NB to MME and relayed to S-GW and L-GW.
· in option 2, a new message needs to be introduced in release 11 between source H(e)NB and stand-alone L-GW, while in option 3 no new message needed (same solution as for release 10)

But in both option 2 and option 3, the decision to remove the LIPA PDN connection is always taken by the source H(e)NB.

Conclusion 6: the option 1 doesn’t need additional signalling to work in release 11 but would work with the same limitations. The option 2 will need one more message from HNB to L-GW to work in release 11. The option 3 works as in release 10. 
3 Conclusion
We have analysed in this paper the pros and cons of the two main options discussed for deactivation of the LIPA: 
· option 1: LIPA PDN connection removal decision from source CN node

· option 2: LIPA PDN connection removal decision by the H(e)NB in source RAN node with PDN connection deactivation from L-GW
· option 3: LIPA PDN connection removal decision by the H(e)NB in source RAN node with PDN connection deactivation from the source SGSN/MME
The drawbacks of option 1 are that it needs the upgrade of the neighbour HNB and RNC to work and it also cannot coexist with the RAN3 optimized intra-RAN mobility in release 10 and 11.

The drawbacks of option 2 are a separate solution for idle and connected mode mobility (is it a drawback or something natural?) and will require the need to add a new message in release 11.

The drawbacks of option 3 are a separate solution for idle and connected mode mobility, the need to add a new triggering message from source HNB to SGSN in release 10, a bit more delay and a bit more impact to SGSN.

We propose to discuss and evaluate these conclusions.

Alcatel-Lucent would not recommend option 1 because of the above mentioned drawbacks. Alcatel-Lucent proposes to agree on LIPA PDN connection removal decision by the H(e)NB in source RAN node. 

The choice between option 2 and option 3 would mainly depend on whether signalling between H(e)NB and L-GW is planned in Rel-11 or not. This should be resolved to have a clean way forward.
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