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This paper discusses 3 possible scenarios considering the relationship between CSG and local IP network, and further discusses some mobility issues in each scenario.
1 Introduction

During the last SA2 meeting the problem of CSG deployment over local IP network was brought forward, which was described in S2-111231r1 as “It is FFS whether 1 CSG = 1 local IP network, or whether a local IP network could span several CSGs, or, reversely, whether a CSG could span several local IP networks.” In this paper we give some use cases to each of the above 3 scenarios and analyze two related issues: session continuity and LIPA deactivation. Finally we prepared two corresponding P-CRs.
2 Discussion
The deployment of CSG over local IP network needs to be studied because it has great impact on mobility related issues such as session continuity and LIPA deactivation. Each of the 3 scenarios mentioned in S2-111231r1 is analyzed as below:
(1) 1 CSG = 1 local IP network

This is the most typical scenario where the network administrator deploys only one local IP network and one CSG, i.e. H(e)NBs of the local IP network all broadcast the same CSG ID and beyond the local IP network there’s no H(e)NB with the same CSG ID. Use case of this scenario could be, e.g. small to medium enterprises, etc. As indicated by Figure 1, the CSG members can access the local IP network via H(e)NBs and one or more LGWs.
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Figure 1: 1 CSG=1 local IP network
In the above scenario, when UE handovers between H(e)NBs of the local IP network/CSG, the core network will perform per APN per CSG access control as it does in LIPA activation procedure. Given that one CSG covers one local IP network, it’s obviously that session continuity can be maintained.

Conclusion 1: the scenario is valid and session continuity can be maintained in local IP network.
(2) A local IP network spanning several CSGs
This scenario may happen when different organizations need to deploy their own LGWs and H(e)NBs to access the same local IP network. For instance, a community has a public local network, which can be accessed by residents of this community via H(e)NBs of their own, as Figure 2 indicates. 
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Figure 2: A local IPP network spanning several CSGs
Considering the issue of session continuity, it needs to be noted that session continuity may not be maintained in certain cases. Suppose that the UE is subscribed to both CSG 1 and CSG 2, when UE handovers from HeNB_1 to HeNB_2, the core network will perform per APN per CSG access control. According to the existing R10 mechanism access control will be successful and the LIPA connection will be also handed over to the target side. However, since there’s no interface between the target H(e)NB and the source LGW, session continuity of LIPA connection cannot be maintained.
Conclusion 2: the scenario is valid but in certain cases session continuity cannot be maintained.
(3) A CSG spanning several local IP networks
There’re use cases where a CSG, with its members subscribed to 2 or more local IP network, can span several local IP network. For instance, a campus has deployed H(e)NBs belonging to the same CSG and all students of the collage are CSG members. Besides, the campus may allow 2 commercial service providers to deploy 2 local IP networks, so students can access either of these network via H(e)NBs in the campus. This scenario is illustrated in Figure 3.
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Figure 3: A CSG spanning several local IP networks
Considering the session continuity issue, as discussed for scenario 2, session continuity may not be maintained in certain cases. For instance when UE handovers from HeNB_2 to HeNB_3, since there’s no interface between the target H(e)NB and the source LGW, session continuity of LIPA connection cannot be maintained.
Conclusion 3: the scenario is valid but session continuity cannot be maintained.
3 Conclusion
Based on the above analysis, we have the following conclusion:

a) The above 3 scenarios are all valid and should be included in TR 23.859. 

b) In scenario 2 and 3 there’re cases where session continuity cannot be maintained, and new mechanism should be developed to determine when to deactivate LIPA connection.

We prepared two P-CRs S2-111812 and S2-111813 to introduce the above conclusion to TR23.859.
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