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1.
Introduction
One of the agreed requirements for 3GPP/WLAN interworking in the last meeting is as follows.
Reduce (or at least don’t increase) battery consumption (e.g. due to WLAN scanning/discovery)
This contribution addresses on the helpful information for energy efficient WLAN discovery.
2.
Discussion 
In nature WLAN service area is fairly small and accordingly the chance of WLAN discovery is unexpected, and the proper moment/policy for mobility to WLAN is depending on the situation of network and UE. So, even though it is obviously desirable for UE to activate WLAN module only when necessary, it is not easy to point out when really necessary or unnecessary. 
One hint for this consideration is that the WLAN of our interest in this SI is operator-controlled WLAN, and thus we may assume that some knowledge of those operator-controlled WLAN might be available at 3GPP access network. This means that the network may provide acquired knowledge about operator controlled WLAN information to UE such that the UE may use the information as an aid in discovering WLAN. From our view, frequency information, geo-location information and service set identifier (e.g. HESSID, SSID, BSSID) are the candidate that the network can acquire and is also helpful for the UE to discover WLAN in a battery efficient manner. In the following subsection, those candidates are analysed in terms of amount of battery consumption, signaling overhead in order to determine whether the information is proper.
2.1. Evaluation on WLAN information
Operating Frequency information

Since the total number of WiFi channels in used bands (2.4GHz, 3.6GHz and 5 GHz) is almost 70, it takes a significant amount of time and battery for the UE to discover the desired WLAN if not provided any frequency information. This information seems to be beneficial in reducing the number of frequencies that the UE has to measure so that the UE can reduce the battery consumption. 
However, considering the WLAN deployment scenario, in order to avoid the inter-cell interference, WLAN AP would use different frequencies from the neighbour WLAN cell. This may result that lots of frequencies are used for WLAN cells within one macro cell. Consequently, the network provides the large number of frequencies and the UE has to scan those frequencies. This cancels out the benefit that can be acquired by providing frequency information to the UE. In addition, depending interference situation, WLAN AP adjusts its operating frequency in order to avoid the inter-cell interference. Even if WLAN cell is deployed by operator, it seems to be difficult for (e)NB to know up to date operating frequency information. This results in providing outdated frequency information and loss in energy saving effect consequently. 
Observation 1) The signalling overhead for WLAN frequency information to enable energy efficient WLAN discovery would be high.
Geo-location information

The geo-location information is effective in UE determining whether the UE is near the WiFi cell so that the UE turns the WiFi module on only when it enters the provided area. As a result, the UE can reduce the battery consumption due to unnecessary WiFi channel scanning that is performed far away from the desired WLAN. 
However, in order to increase the energy efficiency of scanning, significant amount of WLAN location information needs to be provided, which is burdensome. In addition, from the UE point of view, there is critical demerit in using provided location information. That is, in order to use the given location information, the UE has to decide whether the UE enters the provided area. If GPS is used to determine whether the UE itself enters the given area, the significant amount of battery is consumed for discovering the WLAN in battery efficient manner. 
Observation 2) The required amount of WLAN location information to enable energy efficient WLAN discovery would be high. Moreover in order to utilize WLAN location information, the UE would consume significant amount battery.
Cell identifier of WLAN cell
The service set identifier (HESSID, SSID or BSSID) of WLAN cell does not seem to be beneficial in terms of battery consumption since the service set identifier is just a logical name. Even if the above identifier is provided, the UE needs to monitor all the frequencies at all times to look for the given identifier. In addition, considering lots of WLAN cells deployed within a macro cell, provision of the cell identifier causes a high signaling overhead.
Observation 3) The cell identifier information would not reduce the battery consumption at all. In addition, the signalling overhead for WLAN cell identifier information to enable energy efficient WLAN discovery would be high.
With the reasoning above, available information at 3GPP access network does not seems to be beneficial for discovering WLAN cells while reducing the amount of battery consumption.

2.2. Alternative

As an alternative, we think simply providing WLAN search pattern (consists of search duration and search cycle) enables UE to perform WLAN scanning in energy efficient manner. Receiving the pattern, WLAN module of the UE is recommended to listen to the channel during the search duration. Outside of the search duration, WLAN module of the UE may stay in sleep mode so that the UE can minimize the battery consumption. When (e)NB is eager to offload UE’s traffic to WLAN depending on the overall network situation, for instance, the network can adjust the WLAN search pattern with shorter search cycle and longer search duration. Otherwise, the network may adjust the WLAN search pattern with longer search cycle and shorter search duration.
Compared to other assistant information, this causes a minimal signalling overhead while saving he battery of the UE. With the reasoning above, we prefer for the network to provide the measurement pattern for WLAN discovery.
Proposal 1 The network provides the measurement pattern for discovering WLAN in battery efficient manner.
3.
Conclusion
With regards to WLAN information that seems to be helpful for energy efficient WLAN discovery, we observe as follows.

Observation 1) The signalling overhead for WLAN frequency information to enable energy efficient WLAN discovery would be high.
Observation 2) The required amount of WLAN location information to enable energy efficient WLAN discovery would be high. Moreover in order to utilize WLAN location information, the UE would consume significant amount battery.
Observation 3) The cell identifier information would not reduce the battery consumption at all. In addition, the signalling overhead for WLAN cell identifier information to enable energy efficient WLAN discovery would be high.
As an alternative, we propose as follows for energy efficient WLAN discovery.
Proposal 1 The network provides the measurement pattern for discovering WLAN in battery efficient manner.
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