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1 Introduction
In RAN #67 meeting, several companies pointed out the need to discuss scenarios and requirements for LTE-WLAN radio level aggregation (LWA). In this document, we provide a high-level architectural overview of existing WLAN deployments with a view of classifying WLAN termination entities for the purpose of LWA. We then discuss LWA deployment scenarios and identify those scenarios that should be considered during this WI. Finally we provide our view on topics that RAN2 should take up for discussion for successful feature development.
2 WLAN Architecture and WLAN Termination Points
WLAN systems exist is myriad shapes and sizes ranging from a single access point (AP) serving a home or small office to enterprise deployments consisting of hundreds of APs and other network elements (e.g., switches and servers) serving a corporate or college campus. Broadly speaking, it is possible to identify three kinds of WLAN architectures as illustrated in Figure 1.  
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[bookmark: _Ref415500851]Figure 1: WLAN Architectures
Standalone or “autonomous” architecture: This architecture consists of one or more full-fledged standalone APs (sometimes referred to as “fat” or “heavy”). The APs provide all network plane (management, control, and data) services and need to be managed on an individual basis. This kind of architecture is suitable for residences, small offices, and cafes.
Controller based architecture: In this architecture, one or more centralized entities are used to manage and control the WLAN system. Typically, the controller is in charge of control and management plane functionality (e.g., channel assignments, SSID configuration, and 802.1X based authentication) and the AP provides date plane functionality and essentially acts as a remote Radiohead. Such APs are also referred to as lightweight APs or Wireless Termination Points (WTP). The controller is often referred to as Access Controller (AC), Wireless Link Controller (WLC), or mobility controller. In this document, we refer to the controller as the AC.
It should be emphasized that controller based architectures are quite diverse and that the role of the AC may differ significantly based on the architecture. For example, there are centralized architectures where all control and management as well as data traffic is tunnelled via the AC. The tunnel itself may be implemented at layer 2 or layer 3 and may use standardized protocols like CAPWAP or proprietary protocols. In some cases, the AC and APs may implement a split MAC functionality with time critical tasks (e.g., encryption and beacon transmission) being performed by the AP and control and management functions (e.g., association and authentication procedures) being centralized in the AC. In some deployments, only the control and management plane traffic is tunnelled between the AC and APs, and data plane (or user plane) traffic is bridged directly at the APs.
Controller-less architecture: In this architecture, there is no centralized controller. Instead the APs rely on a suite of control protocols and functions for distributed management and control. Full featured APs share management and control information for various functions such as radio channel assignment, power management, and network configuration. A management interface is provided for centralized control of the AP (e.g., AP configuration, firmware updates, and GUI).
In order to discuss the deployment scenarios for LTE-WLAN aggregation, it is necessary to clarify the nature of connectivity (data and control plane) between LTE and WLAN termination points as referred to in the WID [1]. Based on WLAN architectures deployed today, it seems reasonable to assume that a data plane (or user plane) interface exists between LTE and WLAN termination points (in fact such an interface is a prerequisite for LWA operation). However it is not clear if a control plane interface can be assumed for all scenarios. It may be noted that we use the term control plane somewhat loosely to not only include existing WLAN control plane interfaces but also new interfaces that may be developed as part of this WI. In particular, legacy APs (both lightweight and full featured) and ACs may not support a control plane connection to eNB termination points. Additionally, we also observe that many control plane functions applicable to dual connectivity scenarios [4] (e.g., management of UE context in SeNB) do not directly apply to WLAN termination points. Based on these observations, we make the following proposal. 
Proposal 1: For the purposes of this WI, RAN2 will assume that a control plane interface between LTE and WLAN termination points may or may not exist.
It should be understood that the above assumption is based on a logical description of function and in particular does not preclude the same device (AC or AP) from providing both control and data plane termination point services.
We also believe that it is important to distinguish between APs and ACs because these entities differ significantly in their functionality. In some scenarios ACs may provide only a control plane interface to LTE termination points and APs may only support data plane connectivity. In other scenarios, some ACs and (full-featured) APs may provide both data and control plane connectivity. Also consider that an AC (AP) may have access to information which an AP (AC) may typically not posses. For example, APs have access to real-time information such as channel conditions and downlink buffer status that is not available at ACs. Moreover APs may have additional statistical information such as retry counts, RTS failure/success counts, and FCS error counts. On the other hand, an AC managing a few APs is likely to have a better picture of network conditions (e.g., user distribution and traffic load). Since the information possessed (and shared with eNBs) by WLAN termination points is likely to impact RAN procedures for LWA (e.g., scheduling, load balancing, radio bearer configuration, UE reporting), we think that it useful to consider Access Controllers and Access Points as suitable and distinct choices for WLAN termination points. Moreover, even though Access Controllers differ in their functions and capability (e.g., Cisco has ACs that support anywhere from 25 APs to 6000 APs [2]), there does not seem to be a real need to distinguish between different kinds of ACs from a RAN2 perspective. Accordingly we propose the following.
Proposal 2: For the purposes of this WI, RAN2 is requested to discuss whether WLAN access controller (AC) and access point (AP) be considered as two different kinds of logical WLAN termination points.
3 LTE-WLAN Aggregation Scenarios 
In order to classify scenarios for LTE-WLAN aggregation, we can consider a host of factors as follows.
1. Nature of WLAN termination point (AC or AP)
2. Nature of LTE termination point (e.g., small cell or macro cell)
3. Existence (or lack thereof) of a control plane interface between the LTE and WLAN termination points
4. Geographic location of LTE and WLAN termination points (collocated or non-collocated)
5. Data forwarding from the LTE cell to AP (tunnelled via AC or bridged directly)

We note that all combinations of the above factors are not realistic. For example, a macro cell is unlikely to be collocated with an AP. Moreover, from a protocol design perspective, it may not be necessary to distinguish between LTE termination points (e.g., small cell or macro cell) for all scenarios. 
The relative location of LTE and WLAN termination points by itself does not appear to be a very useful distinction. During the Release 12 Dual connectivity (DC) solution SI phase, several options of backhaul delay were considered. However, the RAN protocols developed for DC (except for some timer values) do not depend on the relative location of MeNB and SeNB. Similarly the manner in which user plane data is routed (via the AC or directly via AP) need not be taken into consideration for RAN design. 
Based on these considerations, we identify the following realistic deployment scenarios. 
Scenario 1: LTE cell connected to an AC with a control plane interface                                                                         In this scenario an LTE cell (macro or small) and WLAN AC enjoy control plane connectivity. The control interface can be used by the eNB to receive AP configuration information (e.g., SSIDs and channel planning) and useful statistics about APs and the UEs served by these APs (e.g. backhaul capacity and channel utilization). 
Scenario 2: LTE cell connected to an AC without a control plane interface                                                                    In this scenario an LTE cell (macro or small) and WLAN AC do not have a control plane connection. Note that some information exchange may be possible via OAM or proprietary interface. For this scenario, the UE may need to report WLAN information (e.g. AP backhaul capacity) to the eNB. 
Scenario 3: LTE cell connected to an AP with a control plane interface                                                                         In this scenario an LTE cell (macro or small) is directly connected to the AP. In this scenario, it is possible for the eNB more fine-grained information about the UE’s WLAN status (e.g., radio measurement reports) directly from the AP.
Scenario 4: LTE cell connected to an AP without a control plane interface                                                                         In this scenario an LTE cell (macro or small) and AP do not share a control interface. In this scenario, the eNB relies on UE reports for WLAN information (similar to Scenario 2)
Scenario 5: Integrated LTE small cell and AP                                                                                                                  In this scenario an LTE small cell and AP are assumed to form an integrated unit. The eNB is assumed to have complete access to all the information that the AP might have.
Proposal 3: RAN2 is requested to take into consideration the above scenarios for LTE-WLAN aggregation.
4 Miscellaneous Considerations
In this section, we identify some additional considerations for the “aggregation” component of the WI.
Scenario prioritization: It is beneficial to begin with a reduced set of scenarios in order to focus on deployments that are likely to be more common, and have more coherent discussion. Since it is desirable that the LWA feature can be utilized over currently deployed WLAN APs and ACs, this WI should start with assuming that no control plane interface exists between LTE and WLAN termination points. Such as assumption is also consistent with the RAN assisted WLAN interworking feature developed in Release 12, and even possibly with the “interworking” component of this WI. 
Proposal 4: RAN2 is requested to initially focus on those scenarios which do not require a control plane interface between LTE and WLAN termination points (i.e., scenarios 2 and 4 as described in this document). 
Relationship with ANDSF and Rel-12 RAN assisted WLAN interworking feature: The WID explicitly calls for “coordinating with SA working groups to investigate the impacts of aggregation and interworking enhancement solutions on the existing WLAN/3GPP interworking solutions”. In order to ensure timely completion, we think that topics with cross-WG impact should be addressed sooner than later.
Proposal 5: RAN2 is requested to prioritize discussion on the relationship of this WI with ANDSF and Rel-12 RAN assisted WLAN interworking.
Mobility with WLAN: One of the objectives of the WI is to “Specify solutions for addition, removal, and change of WLAN links while being connected to the same eNB”. The 802.11 specification has support for mobility between APs (including the so-called fast BSS transition or 802.11r amendment). It is not clear whether additional mobility enhancements are required as part of this WI. Any interaction with existing WLAN mobility procedures may also have an impact on the IEEE 802.11 specification.
Proposal 6: RAN2 is requested to take into consideration existing WLAN mobility management features before developing any new mobility enhancements.
5 Conclusions
In this contribution, we provided a brief overview of existing WLAN architectures. We then identified several scenarios applicable for LTE-WLAN radio level aggregation. Finally we outlined some suggestions on topics related to the “aggregation” component of the WI. A list of our proposals is provided below.
Proposal 1: For the purposes of this WI, RAN2 will assume that a control plane interface between LTE and WLAN termination points may or may not exist.
Proposal 2: For the purposes of this WI, RAN2 is requested to discuss whether WLAN access controller (AC) and access point (AP) be considered as two different kinds of logical WLAN termination points.
Proposal 3: RAN2 is requested to take into consideration the scenarios described in section 3 of this contribution for LTE-WLAN aggregation.
Proposal 4: RAN2 is requested to initially focus on those scenarios which do not require a control plane interface between LTE and WLAN termination points (i.e., scenarios 2 and 4 as described in this document). 
Proposal 5: RAN2 is requested to prioritize discussion on the relationship of this WI with ANDSF and Rel-12 RAN assisted WLAN interworking.
Proposal 6: RAN2 is requested to take into consideration existing WLAN mobility management features before developing any new mobility enhancements.
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