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1. Introduction

It is envisaged to deploy femto-base stations in homes as elements of a more global cellular network. Femto-cells are thus dedicated to a limited number of users, typically to owner family, when they are at home. 

Such a deployment raises several issues. For the radio side, there is a risk of radio interferences, inter femto-cells and with an overlapping or neighbouring macro-cell, and for the network side there is a scalability issue regarding the number of connections network nodes would have to manage.

Since typically the femto-base stations duty cycle will be intermittent, corresponding to home owner presence, it has been envisaged to make the femto-base stations intermittent. Indeed, when a femto-base station has no mobile terminal to handle, it can switch to a stand-by mode corresponding to switching off its radio transmitter or to reducing BCH transmission [1], and / or closing its network connections with core network nodes [2].

One issue is then when and how to wake up a femto-base station that has switched off its radio transmitter, so that when an authorised mobile enters in the theoretical coverage of its femto-base station, the femto-base stations is woken up, providing to the mobile the possibility to handover to or camp in the femto-cell without noticeable disruption.
The aim of this contribution is to study pros and cons of different methods to active or re-active femto-base stations and their implication on standardisation.
2. Discussion
In any cases, the procedure used to wake up a femto-base station shall (i) detect that a UE is in the vicinity of a femto-base station, preferably on a femto-base station the UE has good probabilities to have access rights on, and (ii) make the femto-base station resume from stand-by mode and start normal radio transmission. The present contribution focuses on part (i).
The occurrence of the scenario of a mobile in active mode requiring a handover from a macro cell to a femto-cell will be quite a rare case. Depending on the handover performance required, the need of a pro-active mechanism to wake-up a femto-base station is FFS.

The issue is different when considering UEs in idle mode. It is important that femto-cells participate in providing better indoor coverage. Indeed, UEs should be able to camp on their femto-cell whenever it is possible. Figure 1 depicts some possible methods to detect that a UE is in the vicinity of a femto-base station.
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Figure 1: Different UE location detection methods for triggering femto-cell wake-up
Case 1) UE location detection is made by the Core Network (i.e. the MME) upon TAU procedures

The location granularity is the Tracking Area List, which can correspond to a large area. Moreover, the TA list has been introduced to limit ping-pong effect and also to limit the number of TAU procedures. When a TA list is well fitted to UE mobility behaviour, the UE will perform very little TAU procedures.
Pros

· Based on existing UE procedures, but requires to define a CN-triggered S1 setup procedure
· The CN may only trigger the activation of base stations the UE has access right to
Cons

· As the area corresponding to a TA list may be large, each femto-cell has a higher probability to be activated by the CN. As a result, the CN may have to wake up many femto-cells in average. The efficiency of interference reduction is decreased.
Case 2) UE location detection is made by the HNB

The UE may access a HNB in reduced transmission power mode at shorter distance. If the HNB has powered off its radio transmitter, it may still listen to nearby UEs.
Pros

· This method has the advantage of requiring no action from the Core Network. HNB can use the currently defined S1 setup procedure.
Cons

· The detection will be done at a short range, and in case of poor indoor macro-coverage, UEs may experience a lack of coverage before being able to be detected by the HNB of before being able to associate to it.

· The UE can be detected only when transmitting some signal. In case lack of indoor coverage from macro-cells, a UE shall be in PLMN detection mode and has no right to transmit any 3GPP radio signals. Using other signals (IrDa, Bluetooth, zigbee…) might also bring inter-operability issues across UE and femto-cells.
· In case of a switched-off HNB, the HNB will not be able to discriminate among UEs having access rights from others. However this can be mitigated by the short range detection. Alternatively, this may be avoided if UEs are able to transmit some signal specific to the CSG it belongs to.
Cases 3) and 4) UE location detection is made by the UE

a) The UE can detect that it is in the vicinity of its associated home femto-base station, coupling its geographical location information (provided by an embedded GNSS module or any location module, or by EUTRAN) with a list of predefined areas defined around each associated femto base station ((case (3) on Figure 1).

b) Else, UE can detect that it is approaching its associated home femto-base station by recognising one or several neighbouring macro-cell identities (case (4) on Figure 1), e.g. at the step of cell reselection, when the UE enters the neighbouring macro-cell.
Upon detection of a candidate location, the UE sends a message to the Core Network warning it is approaching a zone including candidate femto-base stations.
Pros
· The location detection may be precise

· Only base stations the UE has access right to will be activated
· The detection areas may be setup so as the femto-base station is activated before the UE loose the macro coverage when going indoor

· The burden put to the Core Network is limited since it is up to the UEs to detect and trigger the activation request.
Cons
· Requires standardisation efforts as both UE-triggered and CN-triggered procedures need be defined.
· Adds some complexity to UEs

3. Conclusion
Having the UE implicated in the process of triggering the activation of intermittent home base stations provides an effective method to reduce HNB interferences.

The method has a good detection granularity, could filter candidate femto-base stations the UE has access right to, while being able to provide a continuous coverage between macro and femto cells even in case of poor local macro indoor coverage. Moreover, this method could also be used for UEs in active mode if it is seen necessary.
Hence, we should consider the standardisation of one procedure allowing UE to request Core Network to activate femto-base stations.
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