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Discussion and Decision
1 Introduction 
The 3GPP SI defined in [1] calls for WLAN/3GPP Interworking currently supported at the CN level to be examined in light of potential RAN based enhancements that can provide an enhanced user experience, better network access utilization and therefore optimized spectral efficiency.  We address the WLAN scanning element of the SI that will facilitate meeting the SI defined objectives.
Therefore in this contribution we address the following:
1. Power consumption for WLAN operations of Sleep, Listen, Receive, and active Transmit
2. Aspects of RAN assisted discovery that could reduce power consumption in the UE
3. New IEEE based enhancements that impact Scanning and Discovery

2 Scanning Operations

In [1] scanning operations are defined for both Passive, and Active scanning in WLAN.  In the passive mode the STA is required to receive Beacon Frames from the AP’s with a periodicity of 102.4 msec and an unknown offset.  Since the STA has no idea what frames will be received while waiting for a Beacon (i.e. other data/management/control frames) the UE is forced to perform decoding operations for all frames received.  The problem is exacerbated by not knowing what AP’s to look for when performing passive scanning operations.  In this mode of operation the UE WLAN may be required to spend significant power to complete the passive scanning operations since the Target Beacon Transmission Time for each BSS is unknown to the UE.
A similar problem exists for Active scanning where the UE sends out Probe Request frames and waits for a Probe Response from each AP near it.  The UE is required to perform this operation multiple times in order to obtain knowledge of nearby AP’s and their capabilities.  In this case both transmitter and receiver are required to operate for each Probe Request and Probe Response from the nearby AP’s.

In both Passive and Active scanning operations taking place in for example a hotspot; many AP’s may occupy multiple channels thus increasing the overall required power and time to complete the Scanning Operations.

3 Power Consumption during WLAN Operations
Typical Power consumption numbers for WLAN operations in Off, Sleep, Listen, Receive, and Transmit states are:
Table 1 Power consumption depending on the MAC states of WLAN (typical)
	State
	Power Consumption
	Description

	Sleep
	5mW
	WLAN is in the standby mode with all but essential elements powered down.

	Active-Listen
	300mW
	Sensing Carrier Operations

	Active-Receive
	400mW
	Sensing Carrier Operations, and Active Data / SIG Decoding Operations

	Active-Transmit
	18-20dBm (1400mW)
	Transmitting operations required for example during Probe Request


In section 5, we use the above to illustrate power consumption using both Passive and Active Scanning procedures.

4 More Details on Passive and Active Scanning Power Consumption (Illustrative Example)
Active scanning:

A typical scanning operation includes the scanning of one or more channels. A STA switches to the desired channel and after waiting for a period of time (e.g. probeDelay) to attempt to synchronize to the medium state of the selected channel through, for example, the detection of energy or the detection of a valid 802.11 frame header, and possible neither event happening within the period of time, the STA broadcasts a probe request frame to solicit probe response frames from any AP within range that has received the probe request frame. The STA must wait for some minimal amount of time to pass to ensure that potential responders have had adequate opportunity to process the reception, prepare the transmission and gain access to the medium for the transmission. Typically, this process (ResponseDelay) takes 5 to 10 msec.
Probe response frames can be sent at any rate, but are often sent at a low rate to ensure an error free delivery.  An illustrative example for “Active Scanning Operations” is as follows, assuming a single channel to scan and 4 responders (nr):
ActiveScanTimePerChannel = ProbeDelay + TX_probeRequest + ResponseDelay + TX_probeResponse*nr
ProbeDelay = 1 msec
TX_probeRequest = 61*8 + 96 = 584 usec
(MACHDR=24, SSID=2, SRATES=10, EXSRATES=10, HTCAP=28, EXCAP=3, MACFCS=4)

ResponseDelay ~ 7.5 msec (average)
TX_probeResponse*nr = (200*8 + 96)*nr usec ~ 1.7 * 4 msec

ActiveScanTimePerChannel ~ 15.8 msec

RX/Listen time = 15.8 – 0.5 msec = 15.3 msec

TX time = 0.5 msec
AvePower = 400 mW * 15.3/15.8 + 1400 mW * 0.5/15.8 ~ 431 mW average per cycle
If active scanning is performed once every 300 msec, then the average power is:
ActiveScanAvePower3BI = 400mW * 15.8 / 300 + 5 mW * 286.7 / 300 = 8.2 + 2.3 ~ 25.84 mW

Passive scanning:

A typical scanning operation includes the scanning of one or more channels.

A STA switches to the desired channel and waits for a period of time (e.g. PassiveScanDuration) and collects all received Beacons and Probe Responses during that time.

A typical beacon interval is 102.4 msec.
A STA typically waits for a full beacon interval for each scanned channel.

PassiveScanAvePower3BI= RX/Listen Power = 400 mW * 100 / 300 ~ 133 mW
In summary for this illustrative example, we could perform the scanning operations in a typical handset with a 1000 mAh battery for the durations shown below:
Table 2 Battery Life ( Standby Times WLAN Scanning (typical)
	Scanning Type
	Power Consumption (Average)
	Duration (Scanning Only)

	Active
	25.84mW
	~ 124 hours operation

	Passive
	133mW
	~ 24 hours operation


NOTE:  Above account for WLAN scanning operations only.

Form the illustrative the above we can see that Power-Consumption for WLAN operations is manageable.
5 Conclusion 
RAN2 should take into consideration the power consumption numbers provided in table 1, section 4.  At the same time as shown in the illustrative example for scanning power consumption, the UE may benefit from Network assisted procedures and policies, and further enhancements to both ANDSF and RAN based solutions for WLAN/3GPP Interworking in terms of: 
1) Reduced Power Consumption

2) Enhanced Network Performance

3) QOS and Enhanced User Experience

As such Broadcom proposes the following:

Proposal 1: RAN2 should take into consideration the power consumption numbers provided in table 1.
Proposal 2: RAN2 procedures and parameters for reducing UE power consumption for WLAN/3GPP interworking must demonstrate clear benefit over CN (e.g. ANDSF) based solutions.
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