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1. Introduction
Release-12 WLAN/3GPP radio interworking study item has been successfully completed at RAN#62 and the corresponding work item is on the way to completion. 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 the corresponding SID in [1] we propose to consider the study on co-located (e)NB/AP deployments for Release-13. We describe the scenario, potential solutions and expected performance gains.
2. Discussion
3GPP/WLAN interworking evolution

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 cells, 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 co-located deployment scenarios can include physical co-location of eNB and AP within the small cell platform or logical co-location of eNB and AP where eNB and AP are not physically co-located, but support an interface that is suited for RAN level integration operation. In the case of logical co-location, the eNB and the AP may be deployed in different physical locations to compensate for WLAN and LTE coverage difference. A single eNB may be logically co-located with multiple APs for RAN level LTE-WLAN integration operation. 
The goal of this proposed study is to improve user QoE when using unlicensed spectrum, simplify operator management of their WLAN networks, and to reduce associated operators OPEX.
In particular, the integrated eNB/AP small cell scenario introduces unique opportunities to improve KPIs important for operators and users, such as:

1. User QoE, including throughput and switching delay between LTE and WLAN
2. Network management complexity and costs 

3. System capacity 

4. Operator control

5. Signalling overhead 

The proposed tight integration allows significant OPEX reduction, 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 level. 
It is important to note that the co-located scenario is not expected to replace the standalone scenario. We expect that solutions defined in 3GPP for the standalone scenario (SaMOG, WLAN/3GPP radio interworking, etc.) should continue to evolve alongside solutions for integrated scenario. Integrated LTE/WLAN is a natural evolutionary path for WLAN interworking solutions which have been defined in 3GPP and provides a smooth migration path for operators and vendors.

Figure 1: 3GPP/WLAN Interworking Evolution (not all interfaces are shown for simplicity)
In the current standalone architecture (using S2a deployment for illustration), the operator deploys many additional network nodes, such as Trusted WLAN Access Gateway (TWAG), Trusted WLAN AAA Proxy (TWAP) and AAA server to support WLAN network. 
In the co-located scenario the above network nodes and their associated interfaces (such as 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. WLAN becomes completely transparent to EPC.
The benefits of the LTE/WLAN radio interworking solution designed for the co-located scenario are manifold:

1. WLAN access network becomes transparent to CN. Instead of managing two largely separate networks for licensed and unlicensed spectrum, an 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. Anchor-booster architecture within the RAN also significantly reduces CN signalling overhead.
5. Tight integration at radio level and anchoring on the reliable LTE network allows for further performance improvements and better operator control.
Potential solution aspects to be studied
In this section, we describe potential solution directions that should be studied, with focus on the air interface. Specifically, we address the user plane, control plane and security aspects.

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

Control plane should be anchored at eNB, to provide the benefits of LTE mobility to WLAN. Potential RRC enhancements to support LTE and WLAN operation should be studied.

WLAN security should not require the usage of WLAN-specific CN nodes, such as AAA server. The solution may rely on LTE security (depending on the protocol split options) or “local” (to the access network) WLAN security. Different options should be studied and analysed in terms of complexity and security robustness. 

The solution can easily support direct access to the Internet (e.g. without traversing the operator’s CN) by either re-using SIPTO@LN or Non-Seamless WLAN Offload (NSWO).
3. Performance evaluation
Amongst other benefits, integrated scenario allows link aggregation across LTE and WLAN. This feature results in improved user’s quality of service through faster download speeds and improved responsiveness for delay sensitive applications. 

In this section we compare the benefits of link aggregation (combined with network controlled RAT selection) with RAN assisted solutions currently being standardized for Release-12.  The following schemes are compared:
· WLAN Preferred 
Conventional “WLAN preferred if in coverage” scheme. 
· Release-12 WLAN/3GPP Radio Interworking
RAN assisted traffic steering (based on RSRQ threshold and minimum WLAN QoS).
· Network controlled traffic steering 
Centralized network controlled RAT selection based on network utility maximization at integrated small cell.
· Proposed Release-13 LTE-WLAN integrated RATs (with bearer split) 
Joint scheduling of user traffic across LTE and WLAN on packet by packet basis.

We use 3GPP system evaluation methodology for carrying out the performance comparison for downlink transmissions.  WLAN 802.11g standard operating at 2.4 GHz and 20 MHz channels is assumed.  FTP traffic is modelled (2 packets/s, file size = 0.2 MB). We focus on outdoor heterogeneous network deployment, with 3 sectored macro-cells overlaid with small cell (1 AP/9 UEs /sector). 
Improved user’s quality of service 

Figure 2 compares the download throughput performance in terms of the average and the cell-edge (5th percentile) user throughput across the four schemes listed above. System loading is between 30-35% resource utilization for LTE and 35-40% for WLAN. It can be seen that the average user throughput gain of the proposed Rel-13 scheme is more than 40% when compared with Release 12 and network controlled traffic steering schemes.  Comparing cell-edge user throughput performance, the proposed Release 13 scheme further yields 35% improvement over network controlled scheme, which already offers over 40% improvements over Release-12 schemes.  
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Figure 2: Download throughput performance improvements for FTP traffic under medium loading conditions

The above gains are shown for medium resource utilization levels and will be lower as both links get fully utilized (approximately 20% gain is still observed at higher loading levels). We expect that even higher gains will be available as we aggregate across additional un-licensed carriers as well as utilize advanced WLAN standards. 

Further, while the physically co-located scenario is considered, we expect similar gains to also be achievable with logically co-located deployments (with low latency connections) as our results are based on coordination between eNB and WLAN AP with a latency of 10 milliseconds. 

Also note that our results are based on optimization with respect to average proportionally fair throughput across users. We expect further improvements from specifically optimizing for latency for delay sensitive traffic.
4. Conclusions and Proposal

In this paper, we describe the new study item proposal on Integrated LTE-WLAN RATs, which is a natural evolution of the 3GPP/WLAN interworking functionality defined in 3GPP. Solutions addressing the integrated scenario have the potential to significantly reduce operator OPEX and improve user QoE. Operators who already invested in WLAN infrastructure can easily deploy Release-13 solution for integrated scenario and maintain legacy WLAN deployments alongside Release-13 solutions.

We showed that the proposed scenario has a potential for significant performance gains. These gains will increase in the future as WLAN standards continue to evolve, in particular addressing the high density scenarios. If more unlicensed spectrum is allocated for WLAN, it can be easily used by solutions developed as part of this study without any additional standardization effort.

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