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1 Introduction
During RAN2#81, the following agreements were concluded as the requirement to RAN solution on 3GPP/WLAN interworking:
· Improve utilization of WLAN (if available and not overloaded)

· Reduce (or at least don’t increase) battery consumption (e.g. due to WLAN scanning/discovery)
This contribution will investigate the problems result in unnecessary UE battery consumption due to WLAN scanning/discovery and discuss the solution directions to achieve better tradeoff for higher WLAN utilization while keeping lower UE battery consumption.
2 Tradeoff between UE Battery Consumption and WLAN Utilization
Reducing battery consumption by WLAN scanning/discovery and improving the WLAN utilization seems to be two contradicting objectives. Because a way to improve WLAN utilization today is to increase the WLAN scanning activity for higher discovery and access opportunity, but it will directly result in higher consumption on UE battery life. Reducing the WLAN scanning activity can directly reduce the battery consumption, but it will also result in less discovery and access opportunity with lower WLAN utilization. The following discussion will further discuss details of this tradeoff.

2.1 Increase Scanning Frequency for More WLAN Discovery/Access Opportunity but Higher Battery Consumption
There are 11~14 WLAN channels at 2.4GHz ISM bands, additional 28~42 WLAN channels are also available around 5GHz band (channel definition may change in different countries). It take some time for UE to listen one WLAN channel in order to identify a list of observed WLAN APs (by listening the beacon signal), where the typical duration of the beacon signal transmission is the multiple of 102.4ms. It requires certain time for UE to complete the reliable scanning over each WLAN channel in order to explore all the access opportunity.
But the WLAN coverage is usually small (due to Tx power limitation) and not very stable (due to dirty interference environment in ISM band), UE need to scan/discover WLAN signal periodically in order to keep exploring the access opportunity. Smart implementation may adapt the WLAN scanning/discovery event base on many different considerations, but the flexibility become less and less due to the demand by always-connected applications. Therefore, UE may keep scanning/discovering WLAN in most of the time when WLAN module is ON. This will certainly consume much of the UE battery life.

Moreover, UE may attempt to connect with the detected WLAN AP base on its pre-provisioned access policies (e.g. base on history). This will result in even more battery consumption because UE need to transmit signals during the association process, but most of the association attempts cannot lead to successful connection due to various problems (e.g. wrong operator, failed authentication…). 

It is true that keep frequency scanning/discovery can increase the probability to get connected with right WLAN AP and increase the WLAN utilization. But user experience may not necessarily be good, while shorter battery will also reduce the time for UE to really offload data traffic to WLAN. Although increasing the WLAN scanning/discovery frequency is helpful to improve the WLAN utilization, but this not really the good solution considering the problems by unnecessary power consumption and unstable user experience.
Observation 1 Unnecessary battery consumption can be saved if UE does not need to scan every WLAN channel
2.2 Decrease Scanning Frequency for Lower Battery Consumption but Less WLAN Discovery/Access Opportunity
UE battery consumption can certainly be reduced by decreasing the frequency to scan/discover WLAN access opportunity, the extreme case is to keep WLAN module always OFF. But this is certainly unacceptable considering the very low WLAN utilization today. Comparing with keeping scanning/discovery, smart implementation can also adaptively reduce its frequency base on various considerations. But it is still difficult for UE to completely stop the WLAN scanning/discovery, unless it can confirm there is indeed no WLAN AP access opportunity around.
Observation 2 Better tradeoff between battery consumption and WLAN utilization can be achieved if UE can know whether there is WLAN access opportunity around there
3 Discussion on Solution Directions
In order to achieve the better tradeoff, the simplest way is for RAN to inform UE whether there is WLAN access opportunity or not. If UE can know the WLAN access opportunity exist (or very high), it can certainly increase the scanning frequency for higher discovery opportunity which leads to higher WLAN utilization. If UE can know there is no (or very low) WLAN access opportunity, it can save its battery life by reducing or terminating WLAN scanning without losing the discovery opportunity and degrading the (operator) WLAN utilization.
Proposal 1  3GPP RAN can inform UE if there is WLAN access opportunity nearby
There may be different options for RAN to inform UE whether there is WLAN access opportunity, the major difference is the level of granularity of the notification area. Base on the signalling approach, the following two directions could be identified:

3.1 Broadcast Signaling
If the RAN notification is sent in broadcast manner (e.g. via BCH or paging) per cell, this will be a cell wise notification. When UE reads this notification indicate there is WLAN access opportunity when entering the cell coverage, either in connected mode or idle mode, UE could activate its WLAN module or increase the scanning frequency in order to increase the WLAN AP detection probability. By early detecting WLAN AP, UE could have more time connected with WLAN and increase the WLAN utilization. If UE reads the RAN notification which indicates there is no WLAN access opportunity, UE could de-activate WLAN module or reduce the scanning efficiency in order to save unnecessary power consumption. Therefore, better tradeoff between UE battery consumption and WLAN utilization could be achieved.

The benefit of the broadcast approach is simple, a simple indication which indicates whether there is WLAN access opportunity or not would be quite helpful. More sophisticated design could also be applied over broadcast signaling approach, e.g. broadcast the RSRP condition for UE to connect with WLAN [2]. But how this indication would be configured may require proper design in real deployment, because the correlation between cell coverage and WLAN coverage may change either in E-UTRA or in UTRA (e.g. due to loading, SON…). Some feedback mechanism may also be required in order to ensure the notification correctness.
Proposal 2 Broadcast signalling is a candidate solution for RAN to forward WLAN information to UE
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Figure 1 Example on broadcast signalling approach

3.2 Unicast Signaling
Comparing with the broadcast approach, the benefit by unicast approach is the lower signalling overhead. 3GPP RAN could coustomize the content delivered to specific UE triggered by more precise condition. For example, eNB/NodeB could send RRC message to forward WLAN information to UE when they are really close. This could further optimize the UE battery consumption by more precise trigger, RAN could also configure differently to different UEs for some purposes. On the other hand, UE may also report some assistant information to RAN through the unicast signalling. 

Proposal 3 Unicast signalling is a candidate solution for RAN to forward WLAN information to UE
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Figure 2 Example on unicast signalling approach

3.3 UE Feedback

RAN may base on different approach to obtain WLAN AP location/coverage information, e.g. base on pre-provisioned database obtained when WLAN deployment. But the RAN coverage may be changed from time to time, whether the WLAN information forwarded from RAN is sufficiently correct or not may need to be checked. UE feedback is a general approach for RAN to verify whether its configuration is correct or not, where UE may also report some assistant information to RAN for improving the configuration quality.

Proposal 4 UE feedback is required for 3GPP/WLAN interworking procedure
4 Conclusions

Base on the analysis, the following observations could be concluded:

Observation 1 Unnecessary battery consumption can be saved if UE does not need to scan every WLAN channel
Observation 2 Better tradeoff between battery consumption and WLAN utilization can be achieved if UE can know whether there is WLAN access opportunity around there
According to the above analysis and observations, RAN2 is requested to adopt the following proposals:
Proposal 1  3GPP RAN can inform UE if there is WLAN access opportunity nearby
Proposal 2  Broadcast signalling is a candidate solution for RAN to forward WLAN information to UE
Proposal 3  Unicast signalling is a candidate solution for RAN to forward WLAN information to UE
Proposal 4  UE feedback is required for 3GPP/WLAN interworking procedure
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