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1. Introduction
Release-12 WLAN/3GPP radio interworking study item has been successfully completed at RAN#62 and corresponding work item has been approved. Initially the SI scope covered both standalone and co-located (e)NB/AP scenarios, however during the SI phase RAN2 agreed to address the standalone scenario first. Unfortunately, due to time limitations, RAN2 could not discuss an optimized solution for co-located deployments in Release-12. 
In this paper and corresponding SID in [1] we propose to consider the study on co-located (e)NB/AP deployments for Release-13.

2. Discussion
Integrated eNB/AP small cells with co-located WLAN and LTE interfaces are an emerging industry trend, as they help reduce deployment costs by leveraging common infrastructure across different radios. This trend is expected to continue, as most future small cells deployed by the operators are expected to have an integrated WLAN AP. As many operators start deploying integrated small cell devices, the co-located scenario becomes increasingly important, thus justifying a full optimized solution for this scenario.
The industry trend towards co-located deployments allows for tighter RAN level integration between the LTE and WLAN RATs, facilitating the evolution of LTE/WLAN interworking towards more tightly integrated architectures.  Tighter integration between 3GPP and LTE holds promise towards achieving improved user QoE, system capacity and operator control, besides providing additional system benefits noted below.   
The goal of this proposed study is to improve user QoE and to give operators more control allowing them to distribute traffic between LTE and WLAN networks more intelligently. 
In particular, the integrated eNB/AP small cell scenario introduces unique opportunities to further improve KPIs important for operators and users, such as:

1. User QoE, including throughput and switching between different RATs
2. System capacity 

3. Operator control

4. CN signalling reduction

Additionally, such tight integration allows significant reduction in OPEX, as instead of managing two largely separate networks (LTE and WLAN), the operator would manage a single integrated network.

The following diagram illustrates the vision of LTE/WLAN interworking evolution, from loosely integrated at CN level to tightly integrated at RAN. It is important to note that the co-located scenario is not expected to replace the standalone scenario. Therefore we expect that solutions defined in 3GPP for the standalone scenario should continue to evolve.
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In the co-located scenario separate CN interfaces (e.g. S1 and S2a) are no longer needed, as in this case single S1 interface can be used to carry traffic from integrated (LTE and WLAN) access networks.
The benefits of the LTE/WLAN radio interworking solution designed for the co-located scenario are manifold:

1. WLAN access network becomes transparent to the CN. Instead of managing two largely separate networks for licensed and unlicensed spectrum, the operator manages a single network, which results in significant OPEX reduction.
2. Single OAM and security reduces management burden even further.
3. Anchor-booster architecture, with eNB acting as mobility anchor allows fast switching between the 3GPP and WLAN access and minimises service interruption.
4. Tight integrated at radio level allows for performance improvements and better operator control

On the air interface, LTE and WLAN RATs may be aggregated at different protocol layers. The goal is to avoid changes to IEEE 802.11 specifications and WLAN should be aggregated above the MAC layer. For LTE RAT different options of aggregation at different protocol layers should be studied and compared in terms of trade-off between benefits versus complexity. 

3. Conclusions and Proposal

It is proposed to discuss the new study item proposal in [1] “New SI proposal: Integrated LTE-WLAN RATs” for Release-13.
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