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1 Introduction
Base on the scope identified in [1], this paper will overview the inefficient WLAN access problems observed from smart handheld devices today. Including:
· Missed access opportunity problem

· Ineffective access problem

· Unnecessary power consumption problem

It is proposed to include the identified problems into the technical report for the further evaluation by this study item. If the legacy solutions cannot well resolve the identified problems, solution directions should also be investigated by this study item.

2 Problem Discussion
WLAN access has become a popular function of smart handheld devices (e.g. smart phone, pad…) today, it is also an important tool for operator to offload the traffic to the unlicensed spectrum. But it is generally observed from user perspective that the offload efficiency is not very good, while the battery consumption by WLAN access is generally high. On the other hand, operator may also observe the WLAN utilization is low and the traffic offloaded to WLAN mostly come from laptop rather than smart handheld devices. 
In addition, users still complain their experience on WLAN access is not very good. The situation remains even after operators deploy large amount of WLAN in most hotspot area. There are multiple problems result in this situation, the following tries to overview the observed problems from RAN perspective.
2.1 Missed WLAN Access Opportunity Problem
This is the most typical problem, i.e. user does not know there is WLAN access opportunity. The problem could be generally resolved by always turning WLAN transceiver on, but this will result in significant power consumption problems. The following description on missed WLAN access opportunity problem is based on the typical scenario that user turn the WLAN transceiver off as default and only turn on the WLAN transceiver when he is aware of WLAN access opportunity.

The problem mainly comes from user’s unawareness of WLAN coverage availability, more specifically, the WLAN coverage offered by the contracted operator. One typical scenario is that user turn on the WLAN transceiver when he found the reminding words post by operator (e.g. “WLAN Coverage is Available Here!!”), then user manually turn on the transceiver and perform the association. The problem is that user may not see the post at the time he has traffic want to be served, where the location for operator to post the reminding words is also limited due to various restriction. User may also base on his own experience to search for WLAN AP (access point), but the efficiency is generally low if the access opportunity exploration searched by user every time.
It is possible for network to send SMS to user for reminding the nearby WLAN access opportunity, but this may result in much overhead and the disturbance to the users who does not have traffic to offload. This may also annoy the users who does not like to receive commercial SMS. The user who really turn on the WLAN transceiver may still missed the access opportunity because he read the SMS too late.

In summary, missed WLAN access opportunity seems to be a serious problem resulted in inefficient WLAN access today. It is important for this study item to evaluate whether the existing solution can well resolve this problem or it should be resolved by new solution identified by this study item.
Proposal 1 Identify “Missed WLAN Access Opportunity” as the problem need to be further studied
2.2 Ineffective Access Problem

Another problem generally observed from the WLAN access today is the ineffective access problem, which means user cannot get satisfied service after connecting to the WLAN. The first example is to select the AP deployed by the operator who does not have partnership with the contracted operator. User may spend few minutes to setup the connection but eventually found he cannot get served and then give up. This is both time-consuming and battery consuming.
Another example is that user connect to the AP deployed by the contracted operator or the operator with partnership. But the AP is overloaded either in radio or in backhaul, user will find the signal quality of that AP is good but the available throughput is very bad. This problem may happen for both manual selection or automatic selection scenario.

One another example is for user to connected with a AP, which actually utilize cellular network as its backhaul (i.e. portable router scenario). The traffic offload to that AP will actually return to cellular network with some additional overhead, i.e there is actually no offload.

Some of the abovementioned problem might be resolved by the existing solution (e.g. ANDSF). But it will be necessary to identify this as a problem for further evaluation by this study item.

Proposal 2 Identify “Ineffective Access Problem” as the problem need to be further studied

2.3 Unnecessary Power Consumption Problem

As depicted in 2.1, one simple solution to resolve the missed access opportunity problem is to keep WLAN transceiver always on, but it will obviously result in unnecessary power consumption. Smart implementation could somehow reduce the wasted power, but the improvement may be limited due to the following problems.

The first problem is the useless scanning. WLAN transceiver may keep scanning over every WLAN channels periodically or base on some trigger condition. It will always be a waste if there is no WLAN coverage at all, e.g. when user is driving.

The second problem is the useless association. Once WLAN transceiver found the APs by scanning, it may attempt to associate with the observed AP base on its propriatory algorithm decision. When user is moving from one place to another, the device may associate with many different APs (e.g. non operator-deployed AP) and then disconnect with them without real data transmission. But the association usually consumes more power than scanning because WLAN transceiver will have signalling exchange with the AP. This is another problem results in unnecessary power consumption.
One another problem comes from WLAN idle power consumption (e.g. regardless of the power consumption by RF). Within one entire day, the time for user really have WLAN access maybe less than 1% of time. The WLAN idle power consumption in the remaining 99% of time will still be a waste and result in certain level of battery consumption. 
In summary, the unnecessary power consumption is also a general problem observed from the smart handheld devices today. It is necessary to evaluate whether the existing solution could well resolve this problem or additional enhancement will be required by this study item.

Proposal 3 Identify “Unnecessary Power Consumption” as the problem need to be further studied

3 Possible Study Direction

Figure 1 provides a simple example to describe the aforementioned problems. A user may move into the WLAN coverage at some point of time. But he may miss the WLAN access opportunity until he see the reminding words post by operator and turn the WLAN transceiver on. Then the user may get served by WLAN for effective WLAN offload after the connection setup. The user may later on move out of WLAN coverage but he may not remember to turn WLAN transceiver off for battery saving.
In Figure 1, the first problem is the missed WLAN access opportunity after the user move into the WLAN coverage. User may stay in WLAN coverage 30 mins but his traffic may not get offloaded to WLAN until he notice the reminding words and turn on the WLAN transceiver at the last 3 minutes. This is an obvious problem results in lower offload efficiency.

The second problem is the ineffective access may result in more time to setup the effective connection with the WLAN deployed by operator and let the user get served. Because the time for user stayed within WLAN coverage is limited, this may reduce the time for effective offload and also result in lower offload efficiency.

The third problem is the unnecessary power consumption due to keeping WLAN transceiver on after user moving out of the WLAN coverage. User may forget to turn its WLAN transceiver off after a period of time until he notice there seems no WLAN coverage anymore. This will reduce the remaining battery power and degrade user’s motivation to further turn the WLAN transceiver on for access opportunity searching.
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Figure 1 Example on inefficient WLAN access problems
Proposal 4 Include Figure 1 into the TR as an example for problem description

Figure 2 indicates an ideal situation with maximized WLAN access opportunity while minimizing the unnecessary power consumption and ineffective access. This study item may study whether the legacy solution could resolve the problems indicated in Figure 1 and lead to the user experience close to Figure 2. If the legacy solution could not well resolve the problems in Figure 1, this study item need to further study the potential solution directions which could lead to the result closer to Figure 2.
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Figure 2 Example on the ideal situation with maximized WLAN access opportunity while minimizing the unnecessary power consumption and ineffective access
Proposal 5 Include Figure 2 into the TR as an example of ideal WLAN access scenario
4 Conclusions

According to the above analysis, RAN2 is requested to adopt the following proposals.
Proposal 1 Identify “Missed WLAN Access Opportunity” as the problem need to be further studied

Proposal 2 Identify “Ineffective Access Problem” as the problem need to be further studied

Proposal 3 Identify “Unnecessary Power Consumption” as the problem need to be further studied

Proposal 4 Include Figure 1 into the TR as an example for problem description

Proposal 5 Include Figure 2 into the TR as an example of ideal WLAN access scenario
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