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1. Introduction
WLAN/3GPP Radio Interworking study item (SI) has been approved by the RAN#58 plenary in Barcelona. In the process of this study it is important to keep in mind the existing WLAN related specifications and on-going activities in other groups in order not to duplicate existing functionality and to ensure that RAN solution fits into the general architecture defined by SA. Having said that, this should not preclude RAN2 from improving certain aspects of WLAN interworking, for which RAN level solution may be more optimal than the CN one, provided that the added benefit justifies the standardization impact. 

In this paper we provided an overview of existing WLAN related 3GPP specifications and on-going work and study items in SA and CT groups.
2. Existing 3GPP WLAN Interworking Overview
System interworking between WLAN and 3GPP is available since Release-6, as defined in TS 23.234 "3GPP system to Wireless Local Area Network (WLAN)" [2], aka I-WLAN specification. TS 23.234 [2] defined loose coupling between the UMTS Core Network (CN) and WLAN networks including common SIM-based authentication mechanisms and access to operator services via a Packet Data Gateway (PDG). This was further enhanced in TS 23.327 "Mobility between 3GPP-Wireless Local Area Network (WLAN) interworking and 3GPP systems" [3] in Release-8, which defined seamless mobility between the two networks based on DSMIPv6. Note that these specifications focus on scenarios where all user traffic is carried over a single radio interface at any given time (that UE may temporarily use dual radio operation to enable smooth handovers) and mobility is fully controlled by the UE. Since it is unlikely that UMTS CN will be in use by the time Release-12 is deployed we believe that during the course of the present study we should instead focus on EPC specifications, described below. 
WLAN Interworking with EPC is defined in TS 23.402 "Architecture enhancements for non-3GPP accesses" [5].
The most basic interworking 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 3G/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 many UE implementations disable 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.
Seamless mobility, i.e. mobility with preservation of an IP address, to/from WLAN is supported via s2a and s2b interfaces for trusted and untrusted Non-3GPP access network respectively as illustrated in the figure 1 below.
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Figure 1: Non-Roaming Architecture within EPS using S5, S2a, S2b
The difference between trusted and untrusted deployments is that with untrusted access the operator requires that the UE establishes a security tunnel to the ePDG, whereas in trusted deployments s2a interface goes directly to the P-GW.
With seamless WLAN mobility, the UE IP address can be preserved using PMIP, DSMIP or GTP, ensuring that there is no service interruption when the UE moves between LTE and WLAN. 
Basic Release-8 WLAN interworking has been enhanced as part of MAPCON and IFOM work items in Release-10 to support additional functionality for UEs capable of simultaneous connection to 3GPP and WLAN networks. With Release-8 UEs all user traffic is carried over only one radio access network at a time (excluding traffic that is non-seamlessly offloaded over WLAN).
UE supporting MAPCON may establish different PDN connections through different access networks. For instance, the UE may connect to operator's services (e.g. IMS) via 3G/LTE and to Internet via WLAN. Note that the UE is only allowed to use one non-3GPP access network at a time. Upon inter-system mobility the UE can transfer all or subset of PDN connections from one access network to another, i.e. session continuity is supported at PDN level.

IFOM provides an additional level of granularity for inter-system mobility compared to MAPCON. UE supporting IFOM may establish a single PDN connection via multiple access networks, for instance 3G/LTE and WLAN. For such UE, IFOM enables to move individual IP flows from one access network to another with session continuity.

More information about MAPCON and IFOM WIs which resulted from MAPIM SI is available in the TR 23.861 "Multi Access PDN connectivity and IP flow mobility" [7] (however please note that starting from Rel-12 the same TR number is being re-used for a new SI NBIFOM "Network based IP flow mobility").
In most implementations today policies governing how different access networks shall be used by the UE are statically pre-provisioned in the UE. To allow more dynamic control of these policies 3GPP have defined ANDSF in Release-8, which was later enhanced in the subsequent releases. UE supporting ANDSF can receive the following policies:
· Inter System Mobility Policies (ISMPs) –  information about operator preferences for routing all user traffic over WLAN or cellular access; ISMPs were defined in Rel-8;

· Inter System Routing Policies (ISRPs) – information about operator’s preferences for routing of individual PDN connections (MAPCON) or IP flows (IFOM) over WLAN or cellular access; ISRPs were defined in Rel-10;
· Access network discovery information - list of access networks available in the vicinity of the UE.
Note that even though we describe ANDSF in the context of WLAN, it was designed for all non-3GPP networks, as most other core network functionality described in this contribution.

ANDSF information is transferred between the UE and ANDSF using OMA DM Push and Pull mechanism, however OMA DM Push mechanism may not work in all possible scenarios. For more information about ANDSF refer to TS 24.302 "Access to the 3GPP Evolved Packet Core (EPC) via non-3GPP access networks; Stage 3" [8]. Note that there is an overhead associated with high level OMA DM protocols.
3. On-going WLAN related work and study items
There are a number of on-going WLAN related work and study items in SA2, namely:
SaMOG
GTP based S2a access has been defined in Release-11 as part of SaMOG_WLAN WI with certain limitations, as it was agreed not to introduce any UE impact in that release. One of the limitations, as documented in SID SP-120426 – "Update to Study on S2a mobility based on GTP & WLAN access to EPC (SaMOG)" [9] is that "Handover between TWAN and 3GPP access with IP address preservation" is not supported. In Release 12, SaMOG study is aiming at making enhancements to the Rel-11 solution to avoid this and other limitations. More information about SaMOG can be found in the SID TR 23.852 "Study on S2a Mobility based on GTP & WLAN access to EPC" [10].
WLAN_NS
WLAN_NS WI as described in SP-120259 "New WID for WLAN Network Selection for 3GPP Terminals" [11] aims to:
1. Enhance 3GPP solutions for WLAN PLMN and Access Network Selection based on Hotspot 2.0 
2. Ensure that data, i.e. Management Objects (MO) and policies provided via HotSpot 2.0 and ANDSF are consistent

Additional information about WLAN_NS can be found in the TR 23.865 "WLAN network selection for 3GPP terminals" [12].
FS_NBIFOM
As described in the SID SP-120270 "New Study WID: IP Flow Mobility for S2a & S2b Interfaces (FS_NBIFOM)" [13] this study aims at identifying solutions for IP flow mobility without relying on DSMIPv6, i.e. using network based mobility protocols GTP and PMIP. More information can be found in TR 23.861 "Multi Access PDN connectivity and IP flow mobility/ Network based IP flow mobility" [7] (note that this TR is reused by multiple study items).
FS_WORM
FS_WORM, as described in the SID SP-120261 "New Study WID on Optimized Offloading to WLAN in 3GPP RAT mobility" [14] aims at identifying extensions to ANDSF ISRP and possibly ISMP policies in order to enable policy differentiation of 3GPP RATs (e.g. E-UTRAN versus UTRAN, GERAN vs. UTRAN) with respect to WLAN.
DIDA-CT

Additionally, there is an on-going CT1 work item related to WLAN named DIDA-CT described in the WID CP-120089  " Data identification in ANDSF (DIDA-CT)" [15] which aims at specifying ANDSF extensions and the procedures 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, in particular it will enable the operator to discriminate between different types of traffic such as video and web browsing. 
WLAN-OAM
In SA5 there is a WI on WLAN Management [16] which aims to define the network resource model and solution sets for fault and performance monitoring for WLAN APs deployed by the operator so that the operator can monitor the WLAN as well as the E-UTRAN/UTRAN/GERAN performance data that are essential to evaluate the performance of WLAN offloading.  That information can also be used for network planning. Additional information about this WI is available in the TR 32.841 [17].
4. Conclusions
In this contribution we described existing WLAN related 3GPP specifications and on-going SA2 and CT1 work and study items to improve WLAN interworking. 
The following work and study item may have impact on the RAN2 WLAN Interworking study: WLAN_NS and WLAN-OAM. 
This contribution can be used as a reference to ensure that RAN2 WLAN interworking standardization is aligned with the overall 3GPP WLAN architecture and procedures and also to identify areas for improvement.
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