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1. Introduction

At 3GPP TSG RAN2 Meeting #81bis the following topic was proposed for discussion [1]. In this paper we discuss several factors regarding WLAN power consumption.
	[81bis#11][Joint/WiFi] WLAN scanning and power consumption (Intel)

                                  -     Discuss WLAN scanning and power consumption. 




2. Discussion
There are a number of factors that lead to the WLAN scanning power consumption.  It is felt that the following factors need to be considered with regards to potential scanning optimisations to UE improve battery life.
2.1 Multiple WLAN Channels
The UE must scan between 11 and 14 20MHz channels in the 2.4GHz band, and up to 18 40MHz channels in the 5GHz band. One method to reduce WLAN scanning power is for the RAN to inform the UE what band the WLAN APs are operating in.  Whilst this may work in the case of a collocated “Femtocell + single WLAN AP” device (e.g. where the radio coverage footprints are of a similar size), it fails to be useful in the general case where the radio coverage footprint of a 3GPP cell is large and contains within it a WLAN of multiple APs.  To minimize interference, multi-AP WLAN will typically be deployed with neighbouring APs spread over different channels.  An example of this is shown in Figure 1, wherein non-overlapping WLAN channel numbers are deployed.  This is a common deployment scenario.
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Figure 1: Example channel numbers of a multi-AP WLAN within a 3GPP Cell

Some WLANs are also capable of dynamically changing the frequency in which they operate in order to avoid interference from either other WLANs or from non-WLAN RF sources (microwave ovens, radar, other communication protocols, etc.).
Observation 1: RAN informing the UE of a specific frequency for WLAN is only useful for extremely small RAN cell sizes.
Observation 2: RAN providing a subset of the WLAN frequencies for the UE to scan more often (e.g. those corresponding to the deployed channel numbers) may be beneficial in some scenarios.

2.2 Existing WLAN power saving technologies
The last 15 years of WLAN technology development has resulted in a number of standardised features that improve power saving over the original 802.11-1997 specification.  There are many enhancements in the most recent 802.11-2012 specification that are suitable to be deployed in operator WLAN networks as well as mobile STAs.  When properly configured, these WLANs and STA/UEs will consume less power.
While it is interesting to compare power consumption rates in different radio states in various RATs such as in R2-131188 [2], much of this is implementation specific.  For example, the WLAN chip study referenced in [2] uses a PCI express bus and was designed for notebook computers, not mobile phones.  
With the current generation of efficient WLAN chips, the latest smartphones camp on both WLAN and RAN cellular networks simultaneously with acceptable battery performance.  This dual radio scenario provides lower latency and thus a better experience to users when they launch applications.  It also presents an opportunity for measurement reports to optimize interworking.

Proposal 1: RAN should base any study related to UE battery life on state of the art WLAN technologies.
3. Conclusion

Observation 1: RAN informing the UE of a specific frequency for WLAN is only useful for extremely small RAN cell sizes.
Observation 2: RAN providing a subset of the WLAN frequencies for the UE to scan more often (e.g. those corresponding to the deployed channel numbers) may be beneficial in some scenarios.

Proposal 1: RAN should base any study related to UE battery life on state of the art WLAN technologies.
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