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1. Introduction
RAN level enhancements for WLAN interworking is one of the topics proposed for Rel-12 by a number of companies during the RAN Release-12 workshop (see [8], [9], [10], [11], [12], [13], [14] and others for details). In this paper, presented for information, we provide our view and further information on a possible new study item in Rel-12 on RAN enhancements for 3GPP/WLAN interworking, which will be submitted to RAN#57 plenary meeting in Chicago.
2. Discussion
WLAN interworking, including both seamless and non-seamless WLAN offload, is currently supported by the CN. However, actual performance of these features is often suboptimal and user experience may vary. There are some on-going activities in SA2 to improve WLAN mobility; however certain improvements can be handled more efficiently in the RAN. In this paper we first define the scenario of interest, outline existing core network functionality and on-going standardization activities and in the end discuss remaining problems and how they can be addressed via RAN enhancements for WLAN interworking.

Deployment Scenario

WLAN networks are ubiquitous, they range from home and office WLAN AP deployed in an uncontrolled manner to WLAN service provider and cellular operator deployed networks. We believe that the focus of the 3GPP standardization effort shall be controlled WLAN deployment by cellular operators and service providers, rather than user deployed WLAN networks.
Two types of operator deployments are possible – separate WLAN network and co-located (e)NB/WLAN AP deployments. Even though co-located deployments are beneficial in many cases, the fact that there is already substantial deployment of standalone WLAN network by some operators shall be taken into account. Moreover, even if co-located deployments become common in the future, since it only make sense for small cells due to differences in WLAN and UMTS/LTE range, it is reasonable to assume that operators will have to maintain both co-located and standalone WLAN deployments for a long time. Therefore, solutions that apply to both types of deployment shall be considered first. 

Even though this study item is targeted to Release-12, it is reasonable to assume that operators will continue to maintain UMTS networks in addition to LTE for a long period of time, therefore the study shall include interworking between WLAN and both LTE and UMTS.

Core Network Support for WLAN Mobility

CN has support for different types of WLAN mobility as defined in TS 23.402 [2] and there are also some new Release-12 SA2 study and work items which aim to improve this functionality. It is important to take this into account when considering RAN enhancements.

The most basic mobility option supported by EPC is non-seamless WLAN offload, in which case the UE connects to WLAN access network when it is available in parallel with UMTS/LTE connection. The UE acquires local IP address for WLAN connection, which means that the traffic is not routed through the operator’s core network and there is no service continuity when the UE moves out of WLAN coverage. It should be noted that some UE implementation disables 3G/LTE internet access when connected to WLAN in this way, which may result in bad user experience if WLAN access is overloaded. This is the most typical use case today.
With seamless WLAN mobility, the UE IP address can be preserved using either PMIP or DSMIP, ensuring that there is no service interruption when UE moves between LTE and WLAN. The UE can be either connected to one access (3GPP or WLAN) at a time or to two access networks simultaneously if MAPCON or IFOM are supported. 
TS 23.234 also defines I-WLAN which supports interworking with WLAN, including authentication, access to operators core network as well as direct IP access, e.g. to the Internet. However, it is our understanding that by the time Release-12 is deployed most operators would switch to EPC, therefore coexistence with I-WLAN is not a priority.
The CN can also support ANDSF, which allows operators to provide policies and WLAN access information to the UE. ANDSF can be used for both seamless and non-seamless WLAN offload. ANDSF can be used to deliver three types of information:
1. Inter-system mobility policy
2. Access network discovery information
3. Inter-System Routing Policy
There are a number of  on-going SA2 study items to improve the above functionality, including:

1. "WLAN Network Selection for 3GPP" WI [3] aims to align ANDSF and Hotspot 2.0 management objects. 
2. "Study on Optimized Offloading to WLAN in 3GPP-RAT mobility" (FS_WORM) [5] aims to enhance ANDSF access network selection policies to differentiate between E-UTRAN, UTRAN and GERAN with respect to WLAN access.
3. "Study on S2a Mobility based On GTP & WLAN access to EPC (FS_SaMOG)" [4] aims to enable WLAN access via S2a interface using GTP.
In addition, there are also an on-going CT1 work item related to WLAN:

1. " Data identification in ANDSF (DIDA-CT)" [7] aims to specify ANDSF extensions and the procedures to use such extensions to provide to operators a better control of the network resources used for each application or IP flow for Inter System Routing Policies (ISRP) ANDSF.
Features such as security, authentication, mobility and routing policies are better handled in the CN. However some issues can be handled in the RAN much more efficiently. In the following section we analyse current issues with WLAN deployments and show which of these issues can be handled through RAN enhancements more efficiently.

There are also existing IEEE and WFA WLAN standards such as 802.11k and 802.11r that shall be taken into account in this study, however we do not foresee any impact on these specifications as a result of the proposed study item.
Problem Statement

The following issues with current WLAN deployments were identified in discussions with operators; they are also confirmed in GSMA white paper [1]:

1. Operator deployed WLAN networks are often under utilized

2. UE may select WLAN access even though it provides lower throughput and high latency (sometimes no service at all) compared to 3GPP networks as WLAN access and backhaul load is not taken into account

3. WLAN scanning, even when no WLAN network is available, drains device battery sometimes forcing the user to turn off WLAN entirely

Justification for RAN Enhancements
In this section we look at the above issues in more details to see whether they can be addressed more efficiently in the RAN or in the CN.

WLAN network under utilization can be caused by many reasons, ranging from the lack of uniform and easy authentication to inefficient network discovery, which drains device battery and sometimes forces the user to turn of WLAN entirely. While the former clearly falls into CN scope, the latter can be optimized through RAN enhancements. As ANDSF can partially address some of these issues, existing CN functionality should be taken into account. Thus, coordination with current SA2 activities on ANDSF and Hotspot 2.0 alignment may be needed as well. We believe that efficient network discovery and UE battery life improvements related to WLAN scan will significantly improve user experience related to WLAN usage, thus implicitly improving WLAN network utilization. Additional methods to improve WLAN network utilization should be evaluated during the study item as well.
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Another issue which in our view cannot be solved efficiently in the CN and calls for RAN enhancements is the problem of load balancing. According to the current specifications network selection policies do not take into account WLAN access and backhaul load; WLAN access with good enough RSSI is always considered preferable. One may consider enhancing existing or defining a CN functionality to address this. However, the potential scale of WLAN deployments can be huge and WLAN load may change very quickly. As an operator may deploy hundreds or thousands of WLAN APs, - handling load balancing of such a deployment via a centralized network node deep inside an operator's network would be highly inefficient and not scalable. Load balancing in the RAN, the way it is performed for instance between E-UTRAN and UTRAN, is much more optimal, whereas load balancing in the CN may lead to very high signalling load and CN congestion as illustrated in Figure 1.
Figure 1: Load balancing in CN
Different methods of RAN level load balancing can be considered. We believe that the best approach would be to start from RRC signalling enhancements. Network architecture changes may be considered only if pure signalling methods are proven to be not sufficient.

3. Study Item Timeline and WG responsibility
Since many operators start to deploy WLAN in an increasing pace it is important that WLAN issue will be addressed in Release-12 time frame, therefore we propose to have a short study item and focus on the most important issues and simple solutions so that it would be possible to complete the corresponding work item in Release-12.

RAN2 should be the leading WG which will first focus on RRC signalling enhancements needed to address the above issues. If some of the identified solutions require network enhancements, RAN3 may have to be involved as well. This paper is presented in RAN3 for information. 
4. Conclusions

In this paper we analysed a number of issues with current WLAN deployments, which result in suboptimal user experience. We also demonstrated that not all of these issues can be efficiently addressed by CN mechanisms. If the above problems are left unsolved this may force operators to deploy proprietary solutions. Therefor we propose a new SI in Release-12 to improve WLAN interworking at the RAN level.
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