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1. Introduction

One of the aims of femto-base stations deployment is to extend PLMN coverage and improve service quality, especially indoor where macro-cell penetration may be poor. 

CSG has been introduced for scalability issues and to cope with femto-base stations limited capacity in terms of number of simultaneous UEs, thus restricting femto-base station access to a limited number of chosen UEs.
However, a femto-base station may be out of order, disconnected, or shutdown for some reasons. In a scenario of a lack of or of poor macro-cell coverage, UEs having normally access to that femto will not be able any more to get PLMN service, although it is likely that some operational femto-base stations are located in UE's vicinity.

This contribution aims at proposing some way forward to improve service continuity in this scenario.
2. Discussion
2.1. Scenario

A typical indoor scenario is depicted in Figure 1, showing a flat with cohabitation of 3 home base stations HA, HB, and HC. It is supposed that macro cell signals from base stations BS have poor indoor penetration ratio, so PLMN service inside the apartment is given through the home base stations. Each home base station belongs to a different CSG, and we note UE(HXi) UEs belonging to CSG X (we suppose here UEs belongs to one CSG only, for the sake of simplicity).
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Figure 1: Typical indoor scenario
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Figure 2: Lack of coverage due to home base station becoming non operational


In case home base station HA becomes non operational, UEs belonging to CSG A - UE(HA1) and UE(HA2) in Figure 2 - experience a lack of PLMN coverage as they do not have access right to neighbouring home base stations HB and HC, even if they can receive signals from them.
A home base station may become non-operational for many reasons. Some of them are clearly under the responsibility of the HeNB owner, for example when it intentionally switches off its station; those reasons will obviously not have to be part of a service continuity offer. It could however be interesting to increase service robustness by keeping service offer even in case a HeNB suffers from a hardware failure. Finally, some of the reasons for a  base station to be non-operational  are under the responsibility of the operator; for example, the operator can take benefit of requesting a HeNB to switch off its radio transmitter for RRM purpose.
2.2. Way forward
To improve service continuity even in case of non-operational home base station, a solution could be to authorise a UE to exceptionally get service from a home base station of a foreign CSG, i.e. from a home base station it has no access rights to under normal conditions. This exceptional access grant shall be kept under control and not undermine CSG mechanism. In particular:

· This grant could be limited in time.

· This authorisation could be revoked when the UE moves outside HNB coverage. 
· It should be limited to home base stations located in the vicinity of the original one. 
· A home base station should be able to accept or refuse such accesses, for example for priority or load reasons.
We can think about authorising a UE experiencing a lack of coverage to request service through a HNB belonging to a CSG not included in its white list. The MME may then check whether a HNB belonging to a CSG included in UE's white list is located in the neighbourhood, whether the serving HNB is ready to accept the request, and eventually grant the UE to add the serving HNB in its CSG white list. This CSG entry in the white list may be completed with an expiration time or a priority indication that can be taken into account during cell reselection procedure.
Another mechanism could be to define an alternative CSG white list to be used by a UE in the cell-reselection procedure in case normal CSG-dependant rules fail to select a suitable cell. This alternative list could be built by O&M based on HNB neighbourhood knowledge. It could be a more dynamic process: a HNB belonging to a given CSG, let say CSG A, senses its neighbourhood to find potential alternative peers, connects to them and asks if they accept to be alternative HNBs. The alternative white list for UEs belonging to this CSG A is built from the resulting list. An advantage of such an approach is that the alternative list is based on signal measurements, so as it ensures the list includes good candidate cells from signal quality point of view.
3. Conclusion
We would like the get the group's opinion about the issue highlighted in section 2.1 and the mechanisms described in 2.2, and have them included in internal TR 020 in a new section 6.2.1.2.
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