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Discussion and Decision
1 Introduction 
The WLAN/3GPP Radio Interworking SID [1] has identified the following three issues that need to be addressed during the study:
1. Operator deployed WLAN networks are often under-utilized

2. User experience is suboptimal when UE connects to an overloaded WLAN network 

3. Unnecessary WLAN scanning may drain UE battery resources
This paper discusses some scenarios of interest pertaining to these three issues and potential requirements that can be derived for WLAN/3GPP Radio Interworking.
2 Discussion
In the WLAN/3GPP Radio Interworking SID [1], three issues have been identified as common problems in WLAN/3GPP interworking scenarios. In this section, we examine these three issues and discuss requirements for WLAN/3GPP Radio Interworking enhancements related to these three issues. 
2.1 Issue #1: Operator deployed WLAN networks are often under-utilized
As operator controlled WLAN deployments become more common, more and more users are employing WLAN networks in various situations. From a use case point of view, two WLAN network discovery and selection usage models are often observed in scenarios in which the operator deployed WLAN networks are utilized, namely 1) user manual selection and 2) operator policy based selection.
In the user manual selection model, a user autonomously initiates and attempts to select a WLAN network. The user may prefer to connect to an operator deployed or partnered WLAN network based on the user’s interests or for various other reasons. One example is that the user may prefer operator WLAN if the operator provides some form of tariff incentive to promote WLAN usage.
In the operator policy based selection model, an operator provides policies to guide the UE in selecting WLAN networks. These pre-configured policies can address a variety of network scenarios. For example, the operator may equip UE software with a Connection Manager (CM) application in UE’s host with WLAN usage policies based on conditions such as geographic location or time-of-day. Another example for this model is 3GPP’s ANDSF framework. In current enhanced architecture for non-3GPP access [2], ANDSF (Access Network Discovery and Selection Function) [3] is utilized to aid the UE in discovering so-called trusted non-3GPP IP access systems such as a WLAN system. The ANDSF framework comprises of multiple sets of policies that can consider a number of parameters including locations, roaming state, and time-of-day. These policies (and associated parameter values) may be pre-configured in the UE or communicated from the ANDSF server via OMA DM [4] procedures. When a certain policy becomes “active”, e.g. the UE moves close to a geographic area specified in the policy validity condition, the UE notifies the event to the ANDSF server and requests the access network discovery information. 
However, current system selection mechanisms suffer from many limitations that can potentially lead to low utilization of operator deployed WLANs. First, mobile data traffic can fluctuate very rapidly and ANDSF mechanisms may not be able to provide the level of flexibility and responsiveness required for ensuring high levels of network utilization. Second, UEs may not have sufficient knowledge of RAN/network state leading to sub-optimal decision making. Consider, for example, an “offload” scenario, where the cellular operator would like to offload some UEs/traffic flows to the WLAN system for various reasons such as RAN/network congestion. A mechanism that relies on a CM residing in the UE and/or OMA DM approach is unlikely to be able to efficiently support such requirements. Third, current selection models (e.g. ANDSF) only consider very limited trigger conditions further limiting WLAN utilization.
On the other hand, RAN level enhancements for WLAN interworking can potentially solve the problems listed above. In particular, RAN2 should study and identify additional WLAN interworking trigger use cases that are appropriate for RAN level enhancements. With some signalling enhancements and potentially minor network architecture changes, RAN level enhancements for WLAN interworking should be able to provide adequate level of flexibility and responsiveness to facilitate efficient network utilization.
Observation 1: User manual selection and operator policy based selection mechanisms are often used for WLAN network discovery and selection in WLAN/3GPP interworking scenarios. These usage modes are slow to react to network dynamics, employ very limited trigger conditions for WLAN usage, and do not sufficiently exploit RAN level network state knowledge, resulting in low utilization of operator deployed WLAN networks.
Proposal 1: RAN2 should focus the study to enable more WLAN interworking trigger use cases, e.g. by incorporating RAN level network state knowledge. RAN level enhancements for WLAN interworking should be able to provide adequate level of flexibility and responsiveness to facilitate an efficient offload trigger use case.

2.2 Issue #2: User experience is suboptimal when UE connects to an overloaded WLAN network
As operator controlled WLAN deployments become more common and WLAN usage increases, an operator may overlay many APs to provide sufficient coverage in a particular area. As a result, a UE desiring WLAN connectivity has many WLAN APs to choose from. Since these APs are likely to be loaded differently, it is desirable for the UE to avoid those APs that are overloaded.
In both the WLAN network discovery and selection usage models discussed in the previous section, WLAN SSID is usually the only parameter used for aiding network discovery and selection. As defined in IEEE 802.11 specification [5], SSID is sufficient to identify a WLAN network, but it does not allow a UE to determine if a specific WLAN AP is overloaded or not. However, there are means to uniquely identify an AP (e.g., using the BSSID as per the IEEE 802.11 specification or other means). If the network somehow is aware of AP load, then WLAN/3GPP radio interworking enhancements can be used to steer UEs to avoid overloaded WLAN APs. In addition, such RAN level enhancements afford greater control to operators over Radio Resource Management for WLAN/3GPP interworking.
Observation 2: In current WLAN discovery and selection models, SSID is insufficient to help UE avoid overloaded WLAN APs.
Proposal 2: RAN level enhancements for WLAN interworking shall enable the UE to avoid overloaded WLAN networks during WLAN network discovery and selection. RAN level enhancements should also enable operators with increased control over Radio Resource Management for WLAN/3GPP interworking.
2.3 Issue #3: Unnecessary WLAN scanning may drain UE battery resources

WLAN scanning is a necessary step during WLAN network discovery and selection procedure. Excessive and undirected blind WLAN scanning can lead to significant UE battery drain. For example, in the operator policy based selection model, WLAN scanning may be started as soon as an operator policy condition is fulfilled. However, for some policies (e.g. time-of-day or gross UE location), UE may not in the coverage area of target WLAN system when the policy condition is fulfilled. As a result, the UE may need to go through many runs of scanning until it moves to a region covered by the target WLAN network. In addition, even if the UE happens to be under the coverage of the target WLAN network when the policy condition is fulfilled, it might still have to scan multiple WLANs bands before detecting the appropriate WLAN AP. Note that the specific scanning procedure depends on the WLAN radio driver implementation. Such scanning can also consume significant UE battery energy.
Unnecessary excessive and undirected blind WLAN scanning can be easily minimized or avoided if certain additional assistance information can be provided to the UE. For example, the WLAN channels that are used by the target WLAN network can be provided to the UE so that the WLAN radio can prioritize these WLAN channels during scanning. With WLAN/3GPP radio interworking enhancements, if such additional assistance information is provided to the UE, then it becomes possible to reduce the power consumed during WLAN network discovery and selection.
Observation 3: In current WLAN discovery and selection models, each round of WLAN scanning can consume battery energy and the UE may need to execute multiple runs of WLAN scanning before selecting the desired WLAN network.

Proposal 3: RAN level enhancements for WLAN interworking shall enable the UE to minimize/avoid unnecessary WLAN scanning during WLAN network discovery and selection. RAN level enhancements should provide WLAN capable UEs with guidance to avoid excessive and undirected blind WLAN scanning during WLAN network discovery and selection procedure.
3 Conclusion 
This paper discusses some scenarios of interest and potential requirements for WLAN/3GPP Radio Interworking. We discussed the following three observations:

Observation 1: User manual selection and operator policy based selection mechanisms are often used for WLAN network discovery and selection in WLAN/3GPP interworking scenarios. These usage modes are slow to react to network dynamics, employ very limited trigger conditions for WLAN usage, and do not sufficiently exploit RAN level network state knowledge, resulting in low utilization of operator deployed WLAN networks.

Observation 2: In current WLAN discovery and selection models, SSID is insufficient to help UE avoid overloaded WLAN APs.

Observation 3: In current WLAN discovery and selection models, each round of WLAN scanning can consume battery energy and the UE may need to execute multiple runs of WLAN scanning before selecting the desired WLAN network. 
From these observations, we propose:
Proposal 1: RAN2 should focus the study to enable more WLAN interworking trigger use cases, e.g. by incorporating RAN level network state knowledge. RAN level enhancements for WLAN interworking should be able to provide adequate level of flexibility and responsiveness to facilitate an efficient offload trigger use case.
Proposal 2: RAN level enhancements for WLAN interworking shall enable the UE to avoid overloaded WLAN networks during WLAN network discovery and selection, and enable operators with increased control in Radio Resource Management for WLAN interworking.
Proposal 3: RAN level enhancements for WLAN interworking shall enable the UE to minimize/avoid unnecessary WLAN scanning during WLAN network discovery and selection. RAN level enhancements should provide WLAN capable UEs with guidance to avoid excessive and undirected blind WLAN scanning during WLAN network discovery and selection procedure.
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