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Problem Statement
Recently the aspect of energy saving has gained importance in wireless telecom infrastructure deployment, see e.g. 3GPP TR 32.826 [1]. Typically the placement and power of radio stations it is planned for the peak hours of traffic, but naturally it produces overprovisioning of resources in off-peak hours. The situation needs to be discussed differently for 3GPP macro cells, non-3GPP accesses and femto cells, i.e.  home (e)NodeBs: 

For 3GPP macro cells, due to the planned deployment, the activity of radio cells can be fully linked with the access and mobility mechanisms of the UEs; e.g. in order to switch off a cell during off-peak hours the number of idle UEs still camping on this cell can be reduced by triggering them to move over to the cells foreseen to remain active. For active mode, the handover mechanisms can take into account the (planned) de/activation of cells. 

For radio nodes of non-3GPP access there is no coordination on the same level as sketched above. Still, it makes much sense to switch off e.g. WLAN hotspots in shopping malls, campuses etc. during nights/weekends/holidays. In the simplest form the schedule of de/activation can be pre-agreed and shared between the non-3GPP access operator and the 3GPP EPS operator, and included in the ANDSF data. Only a small extension is needed, in the form of a list of activation time intervals.

For home cells we can observe that, due to their expected masses and more limited numbers of users, they are principally a good target for deactivation; on the other hand, currently no standardized mechanism exists to inform UEs about their activation status, although implementation specific means e.g. a dedicated database/configuration profile (a so called “fingerprint”) in the UE is not excluded. Although in 3GPP standards the concept of fingerprint is mentioned (e.g. in TS 36.300 [2]), it is assumed not to be a subject for standardization itself. It consists in letting the UE collect information about presence of home cells while moving around e.g. by background scanning and storing the information on the UE; after some “learning phase” the UE should be able to benefit from this data and find available home cells fast. But obviously this concept is in conflict with the de/activation scenario. De/activation would make the learning much more complex and time consuming even for simple de/activation patterns; for more elaborate patterns it becomes virtually impossible. Further, fingerprinting does not help in areas where the UE has not moved to before, and also it seems that the overall “learning” effort is replicated over all UEs. Thus a network based mechanism should be taken into account. ANDSF is a valid candidate also here, but it should be noted, that in order to be useful in practice, the ANDSF must have a rather dynamic way to acquire the input data for the Home (e)NodeB activation status; this issue is left out of scope here. 
In this paper we propose one particular method how to convey the activation status of Home (e)NodeBs from the network to the UE on an overall level, and we show the foreseen impacts on specifications. Note that other parts of the problem, namely how to enable the deactivation on the radio nodes and how to propagate and maintain this information in the network, is out of scope here. Also, no alternative solutions have been studied yet.

Description of an ANDSF based mechanism 

The idea is to enhance ANDSF’s discovery data by a Home(e)NodeB specific part. It can be used either in combination with data gained from fingerprint mechanism or alternatively. However, special care has to be taken in the combinational case, as described below.

The information is denoted here as Home (e)Node discovery information (HDI) and consists of:

· Mandatory: identification of individual Home (e)NodeBs,

· Optional: scheduling information as a list of start/stop times (if no scheduling information is present, then UE can assume always on as activation status);
The HDI is, from the very concept, support information; all means should be taken (by the provider of ANDSF information) to ensure its correctness, but it cannot be guaranteed. 

The UE behaviour is defined as follows:

· the evaluation of HDI (e.g. frequency, amount) is implementation specific; 

· the UE should not scan regularly on the radio interface for a Home(e)NodeB for which it has determined, by evaluation of  HDI, that it is not active; 
· the UE may scan for a Home (e)NodeB even if it had determined, by evaluation of HDI, that it is not active, if no other alternatives for service have been found or deemed suitable, or as a background scan for the case that ANDSF data is not complete;

· The combination of HDI with other information (e.g. UE’s fingerprint data) and resolution of conflicts is implementation specific.   

The ANDSF behaviour is defined as follows:

· ANDSF may include HDI with any response to a UE request for ANDSF data (pull mechanism);

· ANDSF may provide HDI with any unsolicted delivery of ANDSF data (push mechanism);

· ANDSF should filter the amount of HDI according to the  location of the UE, if available; other criteria for filtering are FFS.

Impact on 3GPP specifications

No significant architectural impacts are seen (no new functional entity, no new reference point); only enhancements to existing node functionality and protocols are seen necessary. 

The following impacts in 3GPP specifications can be identified:

1. TS 24.312: specify additionally the HDI data and non-3GPP access related activation data; 

2. Potentially TS 25.133/TS 36.133 and TS 25.304/TS 36.304: specifiy how to use HDI in cell selection and cell reselection (criteria).

3. TS 23.122: include a stage 2 description of this mechanism.

4. It may be necessary and convenient to add non-normative text in other specifications  (e.g. TS 23.401 and TS 23.402).

Proposal
We propose to propose specify the method of conveying discovery information, especially activation status, for Home (e)NodeBs via ANDSF in CT1 and to liaise on this enhancement to other affected working groups (e.g. SA2, SA5, RAN2). 
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