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Discussion 
1 Introduction
During the RAN2#81bis meeting the issue of WLAN scanning and power optimizations using network information was discussed. In the subsequent email discussions the issue was deprioritized to focus on traffic steering solutions [1]. One of the requirement for candidate solution for interworking is [2]:

“Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).”

In this document, we try to analyze the scanning power consumption savings which could be achieved using the information regarding the deployed WLANs.
2 Discussions
Several study items ([3], [4] and [5]) have analysed the impact of WLAN scanning on the power consumption of the UE. Provisioning WLAN characteristics (WLAN ID, channel, coverage) to the UE by 3GPP network was proposed in [6] and [7] to reduce the scanning power consumption. But in the email discussion of RAN2#81 meeting [1], few companies expressed doubt over possible savings in power consumption for dense deployment of WLAN. Here we present some insight into the power consumption savings which could be achieved with the WLAN information provisioned by the 3GPP network.
Two procedures are defined for scanning- active and passive. In passive scan procedure, the device scans the supported channels to receive the beacon frames transmitted by the Access Points (AP) within range of the UE. For active scanning, the device transmits probe requests listening to which the nearby APs reply with the probe response messages. Both procedures are carried out with predefined periodicity in time and between two scanning instances the device stays in stand-by mode. This continuous scanning procedure might significantly drain UE’s battery. 
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Figure 1: 3GPP and WLAN interworking scenario
In Figure-1, an interworking scenario between 3GPP and WLAN is shown where a single WLAN is deployed inside the 3GPP site. The figure also shows two user equipments in different scenarios. UE1 is inside the coverage area of WLAN and can receive the beacons sent respectively by the AP, where as UE2 is further away from the range of the WLAN and hence can not receive the AP transmissions. It is clear that scanning procedure by UE2 would only result in increased power consumption without any offloading benefits. We have tried to evaluate three scenarios of passive scanning:
1) Scheme-1: UE scans all the channels with fixed periodicity
2) Scheme-2: UE scans only the channels which are used by the WLANs deployed in the cellular site in which the UE resides

3) Scheme-3: UE only scans the channels used by APs which are within its signal receiving range

We have carried simulations for an area of 800*600 sq-m with 16 WLANs and a single 3GPP site (3 sectors) deployed. The user moves with constant speed of 3 km/hr for a total simulation time of 2 hrs. Operating channel and AP position information regarding all the deployed WLANs is assumed to be provisioned to the UE. We have assumed the range of WLAN to be 100 m. It is assumed that UE has the knowledge regarding its position during the scanning process. The scanning interval is kept as 10 sec and to accommodate for the discovery of WLANs for which information is not provisioned to the UE, the device scans all the supported channels after every 60 seconds.
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Figure-2: Power consumption during scanning and percent WLAN association time                             over total simulation time for different schemes

Figure-2 shows the power consumption of the UE during the scanning procedure for different schemes. The power consumption due to assistance information signalling and position estimation is not considered in the study. 
Observation1: Significant power savings could be achieved for the scanning procedure by provisioning of the information of WLAN (operating channel and AP position) to the UE.
The figure also gives the indication of fraction of time UE is associated with a WLAN when same traffic steering rules are implemented for all three scanning scenarios. We can observe from the simulation results that even if significant power consumption saving could not be achieved using Scheme-2, Scheme-3 may be able to reduce the power consumption without considerable impact on the performance of the discovery. 
Proposal 1: WLAN scanning procedures and active management of WLAN on-off state be considered for inclusion in 3GPP-WiFi interworking
3 Conclusions
Observation1: Significant power savings could be achieved for the scanning procedure by provisioning of the information of WLAN (operating channel and AP position) to the UE
Proposal 1: WLAN scanning procedures and active management of WLAN on-off state be considered for inclusion in 3GPP-WiFi interworking
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5 Appendix
Table 1 Power consumption for different WiFi Interface States [4]
	Parameter
	Power Consumption
	Description

	Stand-by Mode
	5 mW
	All but essential elements powered down

	Active Listen Mode
	300 mW
	Sensing carrier operations

	Active Receive Mode
	400 mW
	Active data decoding operations

	Active Transmit Mode
	1400 mW
	Transmitting operations


