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1. Introduction
In this contribution we provide some initial benchmarking of WLAN scanning power consumption to motivate investigating the benefits of RAN based WLAN scanning assistance. Specifically, we benchmark how UE standby time is affected by WLAN scanning and ANDSF message exchange.

2. Discussion

2.1 
WLAN Scanning

In order to justify WLAN scanning optimizations we performed WLAN scanning benchmarks using two different devices. As part of this analysis we measured the overall UE power consumption with WLAN module turned off and with WLAN module turned on and configured to scan for WLAN APs. As the goal was to measure WLAN scanning power consumption only, the device was not configured to associate with any WLAN AP. The devices operated in 2.4GHz band. All other services (except for “bare bones” operating system functionality) were turned off. 
In these benchmarks we measured how WLAN scanning affects UE standby time, so the measurements were not limited to WLAN module. Instead, we effectively measure overall UE power consumption. 
Table 1 below shows how much (in %) of battery charge was spent on WLAN scanning per hour, total standby time and how total standby time is reduced when WLAN scanning is turned on (in hours and %).
	
	Battery charge spent on WLAN scanning per hour 
	Total standby time
	Total standby time reduction due to WLAN scanning

	
	
	
	%
	hours

	Device 1
	0.06%
	455 hours
	21%
	98

	Device 2
	0.14%
	250 hours
	28%
	65


Table 1: WLAN scanning power consumption
Observation 1: UE standby time is reduced significantly by WLAN scanning.
2.2
ANDSF

ANDSF as defined in TS 23.402 [1] and TS 24.312 [2] can provide the following information to the UE:

•
Inter System Mobility Policies (ISMPs) – information about operator preferences for routing all user traffic over WLAN or cellular access; ISMPs were defined in Rel-8;

•
Inter System Routing Policies (ISRPs) – information about operator’s preferences for routing of individual PDN connections (MAPCON) or IP flows (IFOM) over WLAN or cellular access; ISRPs were defined in Rel-10;

•
Access network discovery information - list of access networks available in the vicinity of the UE.

ANDSF access network discovery assistance information may help the UE to reduce WLAN scanning time and power consumption. 
However, since ANDSF relies on high level protocol (OMA-DM) there is an additional power consumption associated with ANDSF message exchange between the UE and the ANDSF server. In order to measure the above power consumption we benchmarked (using similar setup as above) how ANDSF procedures affect UE battery life. We implemented a simple ANDSF client (running on the device) and server (running in the cloud) which emulate the ANDSF message exchange with http protocol as a transport layer. Table 2 below shows how much battery charge is spent on periodic (every 15 minutes) ANDSF message exchange and how it affects total standby time of the UE. Note that more actual implementation of ADDSF in the device is likely to be more sophisticated or power optimized, e.g., the device only query ANDSF if it has moved to a different location, etc. The power consumption numbers shown below mainly provides an indication that ANDSF procedures also impact UE battery life, not just WLAN scanning.
	
	Battery charge spent on periodic ANDSF message exchange
	Total standby time
	Total standby time reduction due to periodic ANDSF message exchange.

	
	
	
	%
	hours

	UE 1
	0.22%
	455 hours
	55%
	251

	UE 2
	0.40%
	250 hours
	47%
	117


Table 2: ANDSF message exchange power consumption
Observation 2: UE standby time is reduced significantly by periodic ANDSF message exchange (where in this case, the assumed period is every 15 minutes).
3. Conclusions

The results presented in this contribution are for a specific implementation for initial benchmarking and more optimized implementations may be possible, especially in the case of ANDSF. Therefore, these results should be viewed as a ballpark illustrating the order of magnitude to which UE standby time is affected by WLAN scanning and ANDSF message exchange.

Proposal 1: Based on the information presented in this contribution we propose that RAN2 study how existing WLAN access network discovery procedures can be improved to reduce UE battery consumption.
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