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1. Introduction
Various performance metrics are being considered for evaluating the coexistence of LAA and WLAN. So far, the user throughput and latency have been agreed as metrics for comparison. In this document we propose to add Active Time for devices in the WLAN network in order to better understand potential implications for UE power consumption.
2. Discussion
WLAN technology has been integral to almost every smartphone in recent times. 802.11 technologies include power saving features to ensure low power consumption of the WLAN modem. Some of these include: 

· WLAN power save modes: WLAN standards define legacy power save mode [1] and also WMM (Wi-Fi multimedia) power save mode [2]. These modes mainly rely on buffering of the downlink traffic and indication of any buffered traffic from the AP in the traffic indication map (TIM) field of the beacon frames. The WLAN devices can doze between beacon frames to save power. 
· Virtual carrier sense: WLAN devices listen to the wireless medium for any ongoing transmissions and update their NAV (Network Allocation Vector) based on the transmission time indicated in the MAC headers of the other WLAN transmissions. By doing this, WLAN devices abstract the physical carrier sensing to a logical function of virtual carrier sensing thereby obviating the need for continuously receiving on the wireless medium when other nodes are transmitting. Thus, WLAN devices do not actively receive or sense the channel when WLAN transmissions addressed to other nodes are ongoing and hence save power.   
Battery life remains crucially important to mobile devices hence, it is necessary to understand and avoid any detrimental impact of LAA deployments on WLAN power consumption. It is therefore proposed that a metric is added to help provide the necessary insight during LAA coexistence evaluations. 
Given that the power consumption of the UE is largely proportional to the active time (i.e. time spent transmitting or receiving), it is proposed to use active time for this purpose.  For WLAN UEs, this includes: 

· Time when the WLAN device is receiving data

· Time when the WLAN device is sensing the channel (i.e. clear channel assessment)
· Time when the WLAN device is transmitting data

Active time does not include the time when NAV indicates that the channel is busy. 


3. Conclusion

It is proposed that Active Time is added as an additional evaluation metric to compare the effects of various LAA solution candidates on WLAN device power consumption.  This would apply to WLAN devices in the reference WLAN network (i.e. the network that is not replaced by LAA according to the coexistence evaluation methodology).
Proposal: Active time of the WLAN UEs is added as an additional metric for LAA-Wi-Fi coexistence simulations.  This is equal to the sum of the data-transmit time, the data-receive time and the CCA sensing time.  Active time does not include the time when NAV indicates the channel is busy.
A corresponding text proposal is provided in the Annex of this document. 
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Annex A:
Evaluation methodology

A.1

General evaluation assumptions

A.1.1
Indoor scenario for LAA coexistence evaluations

….
	Performance metrics
	· Performance metric

· User perceived throughput (UPT)

· UPT CDF

· File throughput is calculated per file

· Unfinished files should be incorporated in the UPT calculation. 

· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).

· User throughput is the average of all its file throughputs

· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· Latency CDF

· If VoIP users are included, number of VoIP users with 98%ile latency greater than 50 ms should be reported
· WLAN Active Time (for Wi-Fi-LAA coexistence evaluation) 

· CDF of the Active time of the WLAN UEs

· Active time includes the time for:

· transmitting data (and any control info)
· receiving data (and any control info)
· physical carrier sensing (CCA)
· Active time for WLAN UEs excludes time for virtual carrier sensing (i.e. time when NAV indicates that the channel is busy)
· Note: DL and/or UL can be reported when applicable


…

A.1.2
Outdoor scenario for LAA coexistence evaluations

….
	Performance metrics
	· Performance metric

· User perceived throughput (UPT)

· UPT CDF

· File throughput is calculated per file

· Unfinished files should be incorporated in the UPT calculation. 

· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).

· User throughput is the average of all its file throughputs

· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· Latency CDF

· If VoIP users are included, number of VoIP users with 98%ile latency greater than 50 ms should be reported

· WLAN Active Time (for Wi-Fi-LAA coexistence evaluation) 

· CDF of the Active time of the WLAN UEs

· Active time includes the time for:

· transmitting data (and any control info)

· receiving data (and any control info)

· physical carrier sensing (CCA)
· Active time for WLAN UEs excludes time for virtual carrier sensing (i.e. time when NAV indicates that the channel is busy)
· Note: DL and/or UL can be reported when applicable
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