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1 Introduction
Many users have complained on higher power consmpution on their device after they turn the WLAN function ON. UE implementation has outperformed the power management performance to certain level, but it may be difficult to resolve some bottleneck without the network assistance. This paper will discuss some problems result in unavoidable power consumption and suggest the candidate solution for RAN to provide proper assistance information to assist UE power saving.

2 UE Power Consumption by WLAN Operation
Power mamagement is an important function for mobile handheld device development, each device vendor has its propriatory solution to optimize their power consumption performances. The discussion by RAN2 is not supposed to standardize how UE should implement its power management algorithm. RAN2 discussion should be more focus on without which information will unavoidably result in unnecessary power consumption due to WLAN scanning/discovery.
2.1 Without Network Assistance
This is the general scnaeio today, UE manage the power consumption of its WLAN module without any assistance from 3GPP RAN. Under this scenario, the following tries to a bit discuss the general UE behaviour for the WLAN scanning/discovery and why certain power will be consumed unnecessarily.
There are 11~14 WLAN channels at 2.4GHz ISM bands (depends on the regulation), additional 28~42 WLAN channels are also available around 5GHz band (channel definition may change in different countries). UE will need to spend some time to scan one WLAN channel in order to receive the beacon signals transmitted from WLAN APs and identify a list of observed WLAN APs for possible access. Because the beacon interval is defined as the multiple of 102.4ms, it requires certain time for UE to complete the reliable scanning over each WLAN channel in order to explore the access opportunities.
Observation 1 The uncertainty on operator WLAN channel will result in more power consumption 
Moreover, the WLAN network 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 UE in general need to keep searching for WLAN because it does not know if there is access opportunity around there. This is one reason results in more UE power consumption today.

Observation 2 The uncertainty on operator WLAN AP appreance will result in more power consumption 
Moreover, UE may attempt to connect with the detected WLAN AP base on its pre-provisioned access policies. This will result in even higher power consumption because UE need to transmit signals during the association process, but most of the association attempts may not lead to successful connection due to various problems (e.g. wrong operator, failed authentication…). This is another reason results in worse UE power consumption today.
Observation 3 The uncertainty on operator WLAN AP ID will result in more power consumption 
A simple way to save UE power is to reduce the in-device WLAN scanning/discovery frequency, but this will directly result in lower usable WLAN AP detection probability and lower WLAN AP utilization. It is because UE does not know whether there is useable WLAN AP around there, so reducing the scanning/discovery frequency may result in the miss of WLAN AP beacon signal detection. Therefore, it is difficult for UE to mitigate the unnecessary WLAN scanning/discovery without network assistance.

Proposal 1 It is difficult for UE to mitigate unnecessary WLAN scanning/discovery without network assistance
2.2 With Network Assistance
Base on the above analysis, the unnecessary WLAN scanning/discovery can be somehow mitigated if RAN could provide assistance information to reduce the uncertainty on the WLAN channel, WLAN AP appreance and usable WLAN AP ID.
If (e)NB can inform UE which channels will be used by operator or its contracted partners for WLAN AP deployment, this can substantially save the time and power consumption for UE to perform effective scanning. This is beneficial to all kinds of UE implementation and complementary with the propriatory solutions. The level of improvement may depend on the level of uncertainty reduction, e.g. scanning over 3 channels will always be easier than scanning over 14 channels.
Proposal 2 (e)NB can inform UE the operator WLAN channel information

If (e)NB can inform UE the appearance of WLAN AP, it will be very helpful for vendor to develop various implementation techniques to save UE power consumption. For one extreme example, UE can turn in-device WLAN module off if it does not receive this information from (e)NB. Because user may only enter the operator WLAN AP coverage within limited time in each day, this can save much of the power due to unnecessary scanning/discovery. Note that this is also helpful to increase the probability for UE to connected with operator deployed WLAN AP.
Proposal 3 (e)NB can inform UE the operator WLAN appreance information
If (e)NB can information UE the operator WLAN AP ID (i.e. SSID), it is also helpful to avoid ineffective WLAN access and save the power. Even though this information might also be received from ANDSF protocol, it is still useful to include this into RAN solution because RAN solution should also work without ANDSF. Without this, UE may not necessarily connected with operator deployed WLAN AP.
Proposal 4 (e)NB can inform UE the operator WLAN SSID information
3 Candidate Solution
3.1 General Solution Description

In order to develop the proper text proposal for TR 37.834, the following text proposal has been provided during RAN2 email discussion by Rapporteur. It is proposed to include those text into TR 37.834 as a candidate solution.
--------------------------------------------------Start of Text Proposal (6.2.1)----------------------------------------------
6.2.1 Solution 1

In this solution the network may provide the following assistance information to the UE:

1. WLAN availability

2. Frequencies/channels

3. SSIDs
Solution details are FFS. Additional assistance information is FFS.

--------------------------------------------------End of Text Proposal (6.2.1)----------------------------------------------

Proposal 5 Adopt the text proposal specified in section 3.1
3.2 Signaling Options
The siganling approach could be generally categorized into two options: Broadcast and Unicast.

If (e)NB provide the assistance information in broadcast manner (e.g. via BCH or paging), this will be a cell wise notification. Figure 1 is an example to broadcase WLAN appearance information, UE can be prepared to scan/discover WLAN when it receives this notification. By achieving better power saving performance, users will be more willing to keep in-device WLAN module ON and then further lead to higher WLAN AP utilization.
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Figure 1 Example on broadcast signalling approach (with WLAN appearance information)
Figure 2 provides an example for (e)NB to provide the assistance information in unicast manner. This option may probably works only in RRC CONNECTED mode, but this option can provide (e)NB more flexibility to send out the assistance information in more precise manner base on its propriatory control algorithm. This can also allow UE specific assistance information be delivered for traffic steering.
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Figure 2 Example on unicast signalling approach (with WLAN appearance information)
Proposal 6 Both broadcast and unicast signalling approaches are candidate options
4 Conclusions

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

Observation 1 The uncertainty on operator WLAN channel will result in more power consumption 

Observation 2 The uncertainty on operator WLAN AP appreance will result in more power consumption 

Observation 3 The uncertainty on operator WLAN AP ID will result in more power consumption 
According to the above analysis and observations, RAN2 is requested to adopt the following proposals:
Proposal 1 It is difficult for UE to mitigate unnecessary WLAN scanning/discovery without network assistance

Proposal 2 (e)NB can inform UE the operator WLAN channel information

Proposal 3 (e)NB can inform UE the operator WLAN appreance information
Proposal 4 (e)NB can inform UE the operator WLAN SSID information

Proposal 5 Adopt the text proposal specified in section 3.1

Proposal 6 Both broadcast and unicast signalling approaches are candidate options
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