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1. Introduction

HeNB network topology will have a dynamic nature. HeNBs could be shut down or have reduced power for various reasons, e.g. ICIC or energy saving; HeNBs could also suffer from hardware failure. This will  lead to HeNB coverage reduction or lack of coverage and basic services normally provided to HeNB owners will be disrupted.
In this context, we proposed in [1] methods to solve this service continuity problem when closed CSG cells are considered. In this contribution, we compare these methods to the alternative introduced by hybrid cells.
2. Discussion
A dense deployment of HeNBs, in each apartment of a building for example, will increase the need for interference coordination methods (ICIC). One of these methods is to switch off some HeNBs or reduce their transmit power, and rely on the coverage given by its neighbours. This would particularly be relevant when penetration loss of indoor walls is relatively low, i.e. when co-HeNB interference is high. 
It could also be interesting to switch off some HeNBs or reduce their transmit power for energy-saving reasons, given that neighbours HeNBs could take over coverage and service offer for UEs impacted by the HeNBs switch off.
In case of HeNB hardware failure, having neighbouring cells being able to continue service for the UE of the HeNB would interestingly increase global network robustness.
However, assuming HeNBs being CSG cells, users normally authorised to access cells that have became unavailable will not be able to request service to neighbours HeNBs because of their closed access mode.
Those users could get service from a macro-cell if the macro eNB coverage is sufficient; however in deep indoor situations, macro coverage will be poor, and, moreover, if users benefits from specific charging conditions in its HeNB, it would lose these charging conditions under the macro eNB coverage.
Methods to solve these issues should have the following characteristics:

- The mechanism should be applied only when a base station is unavailable for reasons under the responsibility of the operator, not when the HeNB owner intentionally switched it off for example.

- Charging policy and dedicated services a user can have when accessing through its CSG cells shall be maintained as much as possible and have minimum impact on UEs.

We can think of the following alternatives:

1) A mechanism based on exceptional CSG access grant in neighbouring cells or alternate CSG lists,
2) The use of neighbouring hybrid cells 
Exceptional CSG access grant
This alternative has been presented in [1].  Briefly, it proposes that a HeNB user can get temporary access rights to a HeNB located in the vicinity of its home cell if it can't get access through its home cell for reasons under the operator's responsibility. It can be added as a temporary member to the CSG of a neighbouring HeNB, or have an alternative allowed CSG list.
Use of hybrid cell
Taking benefits of the possibility of having HeNB offering an open access mode seems interesting. The different steps could be as follow:

1) A UE requests a service to an hybrid neighbouring cell, with a cause value indicating that its own HeNB cell is not available

2) The Core Network checks if the indicated HeNB is out of order for reasons under the responsibility of the operator

3) The Core network extends charging policy of that UE to the neighbouring cell, possibly for a limited time period.

 However, generalising hybrid cells may bring scalability issues, for example paging optimisation based on TA/CSG filtering would be no more effective. It would be preferable that the network has the possibility to request some HeNBs in the neighbourhood of a given cell which is switched off to turn on their open access part, for a limited period of time for example. A UE would then make a first service request attempt to a closed neighbour cell in limited access mode (step 1 above), and the CN would ask the neighbour cell to switch to open access mode after validation.

Indeed, service continuity can be assured, limited to a controlled area. However, cells having turned on their open part become open to every UE, even if differentiate charging is applied to dedicated users only. This could lead to possible HeNB load issues.

Alternatives comparison
The 2 alternatives have similarities:
- They share the means to limit the mechanism to HeNB turndowns that are under operator's responsibility,

- Both imply the Core Network is able to extend a differentiate charging to the new cell,
- Both require an action from the CN to neighbouring HeNBs to get an acceptation, either to add a temporary user in its CSG (alt 1.) or to turn its open access mode on (alt. 2).
Alt.1 requires in addition that the allowed CSG list be updated in involved UEs, which is unnecessary with alt.2. However method 1) keeps the advantage of opening neighbour cells to some dedicated users only.
3. Conclusion 
It is interesting for operators to take benefit of dense HeNB deployment to improve service robustness and provide energy-saving possibilities. Moreover, interference mitigation will become a necessity. We are then proposing the following:
Proposal 1: Network shall have the possibility to switch off some HeNBs
Proposal 2: This should have the minimum impact on users. In particular, network shall offer them equivalent access in terms of charging policy.

Two possible mechanisms have been described, one based on exceptional CSG access grant, the other on hybrid cells. Both have their pros and cons. 

In particular, having many HeNBs being hybrid could bring issues, for example regarding paging optimisation.
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