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1. Introduction
Taking into consideration energy saving aspects become more and more important. Some features in that direction have been introduced for macro 3G base stations in a hierarchical cell structure scenario [1]; equivalent procedures are proposed for LTE Rel.9 [2].  The scenario of home base stations was started some time ago [3]
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[4] but has not been completed so far. Energy saving matters for LTE fall now into LTE-A scope, and it is the opportunity to come back on the topic.
The present contribution proposes a mechanism to wake-up home base stations through S1 signalling that can be applied for energy saving purposes as mentioned in [4].

2. Discussion
Home base stations scenario represents an important case since a high number of such base stations are expected to be deployed in a cellular network. Indeed, the low power consumption of devices is balanced by their large deployment, and power consumption gain on each of them will represent an overall great potential energy saving gain.
Home base stations have in addition the characteristics of a typically low duty cycle, with long period of time without any UE to be served, during business hours for example. There is here a clear possibility to switch them off during these inactive time periods. An issue is then when and how waking them up, providing high energy consumption gain while keeping a good quality of service. 

Home base stations are typically used indoor, in locations where macro-cell coverage can be poor.  It is important for service continuity to be able to wake-up the home base station sufficiently in advance so as to avoid radio link failure and service outage. 

It is assumed that home base stations can be switched off, for example autonomously by detecting they have no more UEs camping in. We propose to wake-up home base stations in a way similar to the way inbound handovers are managed today.
2.1. Procedure description
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Figure 1: Waking-up home base stations through S1 signalling
1) UE uses internal fingerprinting techniques, GNSS positioning or whatsoever to detect that it reaches a location where it should have a CSG cell it has access to, even if it does not receive signal from it. UE concludes that this cell is probably switched off.

2) It sends a Proximity indication to its serving base station, indicating it enters an area where it should have a CSG cell. 

3) The serving eNB requests the UE to provide PCI, CGI, TAI and CSG. This is identical to current reports used for legacy ANRF. The difference is that data in the report corresponds to "should be" information and not to actual measurements.
4) The serving eNB decides to wake-up the HeNB corresponding to cell CGI. It sends to the MME hosting the UE context a Cell Activation Required message including:

- eNB-Id corresponding to CGI


- TAI


- CSG Id


- eCGI in a container

eNB-ID and TAI are used for routing the command to the final target eNB; CSG-ID is provided by the source eNB for access check and validation; and eCGI in container indicates to target eNB and/or HeNB Gateway which target cell is to be activated
5) MME makes a CSG access control, i.e. it checks whether the reported CSG is in UE's allowed CSG list. If so, it sends a Cell Activation Request command to the target eNB.

6) Target eNB checks CSG validity, and if validation is successful, responds to the request and starts transmitting in the requested cell.

7) MME forwards back to the source eNB a command report.

2.2. Remarks and Comments
Step 2: The proximity indication can be the same as the current indicator used to indicate an actual proximity which is used in a possible handover, or can be a dedicated one. In case the proximity indication for wake up is shared with "true" proximity indication, the eNB will interpret the indication as being a wake-up request thanks to UE reports having no signal for this PCI. We assume this latter option. Still another possibility would be to signal in the ANR report that included data refers to a "should be" cell being with high probability in dormant mode. This step 2 falls under RAN2 scope.
From standardisation perspective, re-using the proximity indication has limited impact. The IE itself is not modified, but only the conditions for using it. 
Step 4: Message can be either an option in the current HO procedure, or a dedicated one. The dedicated procedure is our preferred option.
The proposed mechanism will require UEs to memorise PCI, eCGI, CSG and TAI of home cells along with their fingerprint data, whereas they have currently to memorise the PCI only. However this does not represent a large amount of data and is not seen as a problem.
Hybrid cells: Waking up a femto-cell is meaningful only if requested by users having preferential access to the cell, i.e. the procedure is limited to the closed part of a hybrid cell.
Indeed, we propose that:
- The source eNB does not need to provide to the MME the target cell access mode; it is assumed to be closed,
- The target cell refuses the request if CSG validation fails.
2.3. Typical error cases

- Reported CSG is invalid

Target eNB refuses the command and responds with a failure. Source eNB can black-list the target for that UE, in the same way it does for rejected inbound handover requests.
- eNB is already activated

A specific error cause value is introduced. This can be used by the source eNB to filter procedure triggering. 
- Wrong fingerprint
The case of a wrong fingerprint corresponds to a UE requesting an activation of a home base station it has access to but actually located far away from its current location. This could be detected by location verification, i.e. by checking if the reported base station is actually located in the neighbourhood of the source. Such neighbouring information on home base stations can be known by the source eNB, in its neighbour relation table or in a neighbouring cache. However such information is not mandatory and the system shall work without the need of neighbouring information. 
Anyway, the consequences of activating uselessly a base station are limited.
2.4. Burden put on MME

Signalling load is increased but this increase is limited and bounced.
eNB should filter indications from UEs to limit procedure repetition and in case of wake-up failure, in the same way eNBs should prevent repeated hand-over requests due to a UE reporting a wrong CSG.

2.5. Wake up and S1 setup

Current specifications don't authorise the MME or the HeNB-GW to initiate a S1-Setup. Then, a dormant eNB shall keep its S1-setup alive

An alternative could be to authorise the MME or the HNB-GW to initiate a S1-Setup procedure. For example, the S1 between MME and HeNB-GW could remain permanently active, and S1 between HeNB-GW and HeNB could be turned down as part as HeNB's dormant mode. This could be interesting not for energy consumption gain, but for limiting the number of SCTP connections to be monitored.
3. Conclusion
We proposed in this contribution a mechanism allowing the network to switch femto-cells from a dormant, power saving mode to their operational state.

The mechanism mimics the procedure already defined for inbound handover through S1 interface, though its impacts remains limited. 

It allows power consumption gains and limits unnecessary radio broadcasts, while keeping service level at a high end.
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