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1. Introduction
In the last RAN plenary meeting (RAN#58), new study item proposal 'WLAN/3GPP Radio Interworking' has been approved. The objectives of the study item provided in the SID [1] are as follows:
	The objectives of the study are to evaluate LTE-WLAN and UTRA-WLAN interworking procedures addressing the issues above while improving seamless and non-seamless mobility. The study shall apply solely to WLAN APs deployed and controlled by cellular operators and their partners. The study shall cover both collocated and non-collocated H{e}NBs/eNBs/NodeBs and WLAN APs.
In a first phase:
· Identify the requirements for RAN level interworking, and clarify the scenarios to be considered in the study while taking into account existing standardized mechanisms.
In a second phase:
· Identify solutions addressing the requirements identified in the first phase which cannot be solved using existing standardized mechanisms, including:
· Solutions that enable enhanced operator control for WLAN interworking, and enable WLAN to be included in the operator’s cellular Radio Resource Management.
· Enhancements to access network mobility and selection which take into account information such as radio link quality per UE, backhaul quality, load, etc for both cellular and WLAN accesses
· Evaluate the benefits and impacts of identified mechanisms over existing functionality, including core network based WLAN interworking mechanisms (e.g. ANDSF).
Existing IEEE 802.11 specifications shall be taken into consideration in this study. On-going SA2 WLAN related study items and potential CN impact of the above enhancements shall be taken into account.



From the above objectives, we first need to identify the requirements for RAN level interworking, and clarify the scenarios to be considered in the study while taking into account existing standardized mechanisms. For this, we may need to investigate existing standardized mechanisms especially in WLAN side. The objectives also clearly indicate that existing IEEE 802.11 specifications shall be taken into consideration in the study.
One possible approach of RAN level interworking (either in tight or loose interworking) could be the mobility support between 3GPP and WLAN. For an UE to move from 3GPP network to WLAN network, the UE needs to perform measurements of neighbour APs' signal strength. In this paper, we provide a brief overview of WLAN scanning procedure, and a proposal for a way forward.

2. Discussion
[bookmark: _Ref345406582]2.1 Passive scanning in WLAN
In WLAN, similar to transmission of System Information Block (SIB), the Beacon frame is transmistted by the Access Point (AP) periodically. The Beacon frame includes following information: Basic Service Set Identifier (BSSID), Service Set Identifier (SSID), capabilities of the AP, timestamp for synchronozation and so on. When a STA operates in a specific WLAN channel, the STA can hear the Beacon frames as well as all other frames from all APs which operate in the WLAN channel.
From this manner, passive scanning is a scanning mode that a STA listens to each WLAN channel passively, and the STA does not send any request for APs to send the Beacon frame. So, in the passive scanning mode, a STA has a possibty to miss to receive the Beacon frame if scanning time is not enough. Typical transmission periodicity of the Beacon frame is 102.4 msec: in order to receive all Beacon frames from APs in the channel, the STA needs to receive frames at least 102.4 msec. Further, since a STA has no idea the received frame is data/management/control frame until decoding the WLAN MAC header, the STA needs to receive ALL frames during the period, and perform decoding all received frames which results an increase of power consumption of an UE.
2.2 Active scanning in WLAN
On the contrary of passive scanning, WLAN also provides active scanning: active scanning involves the generation of Probe Request frames to request Probe Response frames (which is almost same as the Beacon frame), and the subsequent processing of received Probe Response frames [2].
[image: ]
[bookmark: _Ref345426245]Figure 1 Active scanning procedure [2]
Figure 1 shows an example of active scaning procedure in WLAN. When a STA performs active scanning, the STA shall use the following procedure [2]:
	For each channel to be scanned:
a) Send the Probe Request frame to the broadcast destination address, with the SSID and BSSID.
b) Set to 0 and start a ProbeTimer.
c) If channel is not busy before the ProbeTimer reaches MinChannelTime, then scan the next channel.
Else, process all received probe responses when ProbeTimer reaches MaxChannelTime, and then scan the next channel.



From above and the section 2.1, we can see that a STA in the active scanning mode needs to send at least one or more the Probe Request frame, and receives and processes ALL received frames during MaxChannelTime if channel is busy. In the hotspot area, many APs and STAs are likely to operate in each channel, and an UE may need to perform receiving/ processing unnecerary frames which is not destined for the UE from APs/STAs during the scanning procedure. 
2.3 Power consumption during WLAN scanning procedures
Please note that the above procedure either of passive scanning and active scanning is for each channel, which means a STA needs to repeat the above procedure per each channel. There are several frequency bands for WLAN, e.g. 2.4 GHz, 5 GHz, and there are several frequency channels in each band [3].
· For 2.4 GHz which is used by IEEE 802.11b/g/n, there are 14 channels: but according to the regulations of each country, 13 channels are available in most of world, 11 channels are available in U.S.
· For 5 GHz which is used by IEEE 802.11a/h/j/n, there are about 40 channels, but each country applies its own regulations to both the allowable channels, allowed users and maximum power levels within these frequency bands.
Hence, if an UE supports both 2.4 GHz and 5 GHz WLAN, the UE needs to perform scanning across around 30 channels, which means the UE repeats passive/active scanning procedure 30 times. This leads considerable power consumption during WLAN scanning procedure in the UE side.
For the quantitative comparison, we can compare the power consumption in WLAN depending on the state with the power consumption in LTE.
[bookmark: _Ref345504447]Table 1 Power consumption depending on the MAC states of WLAN [4][5][6]
	States
	Power Consumption
	Description

	Off
	0 mW
	Turns off the WLAN interface completely

	Sleep
	40 mW
	Turns off most parts of circuit except for critical circuit

	Listen
	800 mW
	Keeps sensing the carrier

	Receive
	900 mW
	Performs the receive operations such as demodulation

	Transmit
	2,000 mW
	Transmits the frame to the air



[bookmark: _Ref345504450]Table 2 Power consumption depending on the RRC states of LTE [7]
	States
	Power Consumption
	Description

	RRC_IDLE
	594 mW
	LTE DRX On RRC_IDLE

	RRC_CONNECTED
	1060-3300 mW
	Either transmits data or waits for data



Table 1 and Table 2 show the power consumption of WLAN and LTE depending on the operating states, repectively. In WLAN, since a WLAN STA requires listening, receiving, and even transmistting frames during scanning procedure, the power consumption both in passive and active scanning could be considerably high.
Based on the above comparison, it can be conluded that the power consumption due to WLAN scanning procedure is not negligible, and therefore, it is desirable for an UE to reduce the number of WLAN scanning for its power saving. If (E-)UTRAN provides a mechanism for an UE to reduce the number of WLAN scanning, it would be very helpful to the power saving of the UE.
Proposal: It is proposed that (E-)UTRAN provides a mechanism for an UE to reduce power consumption during WLAN scanning procedure.

3. Conclusion
Proposal: It is proposed that (E-)UTRAN provides a mechanism for an UE to reduce power consumption during WLAN scanning procedure.
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