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1
Introduction
The main purpose of the LTE-WLAN aggregation WID [1] is to define the user plane aggregation. However, as always, some control plane functionality is also needed. In this contribution, we discuss the basic control plane architecture of the LTE-WLAN aggregation (LWA). 
2
Mobility for LWA
2.1
Configuration of LWA
The configuration of the LWA is always done at the behest of the eNB: The UE shall establish the LWA protocol entities only when expressly requested by the RRC. Such a request may rely on measurement reports, UE capabilities or eNB-internal triggers, just like any other configuration of features in LTE.
Proposal 1: eNB always chooses when to initiate the LWA configuration.
The WLAN measurements, it was agreed in RAN2#89bis that the RRM measurement framework would be extended by adding WLAN measurement reporting. For more details on measurements, see [2], but we assume throughout this contribution that eNB decides when and which measurements to configure for the UE.

Like in carrier aggregation and dual connectivity, the question of activation/deactivation should also be considered: Can the configured LWA be deactivated like SCells in CA? Considering the tight timeline of the WID, the simplest option would seem to be to only allow configuration/deconfiguration. However, deactivation may provide some power saving and flexibility benefits, much like in carrier aggregation. Hence, we propose RAN2 to discuss and decide on the matter.

Proposal 2: RAN2 to discuss whether activation/deactivation of LWA is supported.

2.2
WLAN mobility
In LTE, mobility is fully controlled by the eNB, whereas in WLAN the mobility control is mostly left up to UE (i.e. the UE in WLAN network decides according to the serving WLAN network features). This presents a clear issue in which paradigm to adopt for the LWA: When configured with LWA, is the UE allowed to autonomously change the AP it uses? Considering that the LWA is fully controlled by the network, and the applicability of LWA may not be universal to all APs, it seems reasonable to assume that at least the eNB is able to limit which APs are considered as targets for LWA mobility.
Proposal 3: eNB signals the list of APs UE can use for LWA. UE measurement reports can be limited to APs in this set.

However, this still doesn’t preclude any mobility option, but merely restricts the usability of LWA to a subset of all APs. There are (at least) two options for LWA mobility:
1) eNB-controlled LWA mobility: eNB decides which AP UE used for LWA. UE shall not autonomously change the AP.
2) eNB-assisted LWA mobility: eNB configures a set of APs which the UE can use with LWA. The UE is allowed to autonomously change between the APs within this configured set of APs.

Each option obviously has its own benefits and drawbacks – see the next subsections for more discussion on each.
2.2.1
Network-Assisted WLAN mobility
With network-assisted WLAN selection, the eNB assists the UE to do the (initial) AP selection for LWA by providing the list of LWA-capable WLAN identifiers (IDs) (i.e. SSID, HESSID, BSSID) identifying APs allowed for LWA use. The UE is then allowed to autonomously change the AP within this set. 
In this option, WLAN measurements e.g. on other channels / neighbour APs, and WLAN roaming will take place according to existing standardized IEEE mechanisms and/or recognized/de-facto proprietary mechanisms, e.g., Wireless LAN Radio Measurements (802.11k), Fast BSS Transition (802.11r), Fast Initial Link Setup (802.11ai). 

We observe the following:
· For initial selection of AP, RRM events can also be configured e.g. to trigger WLAN measurement reporting and/or search for another suitable AP  providing the minimum radio quality threshold of the serving AP. The eNB can choose from the UE measurement report the AP with which to start aggregation. 
· The eNB can determine whether LWA release, activation or deactivation is appropriate for a given UE based on the measurement reports. 
· While configured in LWA mode, the UE performs autonomously WLAN measurements and WLAN roaming. Hence, sending measurement reports from UE to eNB might not be needed, saving some procedural overhead.
· Either the UE (via RRC) or the AP (via the control-plane LTE-WLAN interface, i.e. WLN) needs to inform the eNB of the WLAN AP or channel/association status change, i.e. association establishment/termination. It is then up to the eNB implementation to determine whether the current aggregation mode should be kept or terminated after a WLAN AP/ frequency change and consequently whether to switch the data forward path. This is valid whenever the change takes place within a WLAN mobility domain. 
· Along with the list of WLAN IDs, the eNB should also provide their priorities. The UE will apply those priorities when evaluating potential candidates for AP selection and AP change, among the entire list of received WLAN IDs provisioned by e.g. RAN, ANDSF. 
· Higher priorities could be configured for the LWA-capable WLAN IDs, in order to exploit at a larger extent the LWA capabilities and minimize interruptions in the LWA operations whenever possible. The eNB can provide the target carrier frequencies per AP as well to minimize useless scanning. 
Pros: AP selection and AP change is realized faster as it does not require measurement configurations and reporting before a decision can be made; Allows large re-use of IEEE mechanisms and avoids duplicating similar mechanisms in 3GPP. 

Cons: UE centric AP connectivity; Can pose limitations to the data forwarding possibilities during AP change.
Observation 1: Network-assisted WLAN AP mobility allows reuse of WLAN-specific mobility mechanisms and minimizes the signalling needed for WLAN AP changes, which reduces latency.
2.2.2
Network-Controlled WLAN mobility

With network-controlled WLAN selection, the eNB is in full control of the AP selection and WLAN mobility for LWA. The eNB controls AP selection, AP removal and AP addition based on the WLAN measurements reporting which are configured for the serving and the neighbour APs for each target WLAN channel. I.e. both the WLAN ID (i.e. BSSID which can uniquely identify a WLAN AP) and WLAN frequency are to be reported. Note that the eNB control could be neutralized by user preference if the user decides to switch of the WLAN modem.
We observe the following:
· The initial selection of AP would typically be done via WLAN measurements reported by the UE, or by implicit eNB knowledge (e.g. in case collocated deployments).
· While configured in LWA mode, the eNB also decides on the configuration of WLAN measurements. The eNB can determine whether LWA release, activation or deactivation is appropriate for a given UE based on the UE measurement reports.
· The eNB decides on AP change. Similarly to DC, once the AP change is effective, the AP (via WLN) needs to inform the eNB that the UE has associated to the new AP.
Pros: Controllability and optimized mobility performance. Existing 3GPP RRM measurement framework for the inter-RAT scenario can be re-used (i.e. WLAN becomes just another RAT like UMTS, CDMA2000 or GSM).

Cons: Possibility for “signalling storms” from the UE caused due to limited Wi-Fi coverage causing frequent AP changes, no possibility of reusing the already-defined WLAN mobility methods.

Observation 2: Network-controlled WLAN mobility may lead to signalling storms if the WLAN AP changes frequently.

2.2.3
Way Forward with WLAN mobility for LWA

Given the discussion in the previous section, we think there are some common factors in both solutions, namely that it is the eNB that indicates which WLAN IDs are eligible for LWA. To allow for efficient LWA operation without delays, we also think that the network-assisted mode could be used. Finally, we think that similarly as for DC, the control plane interface for the LWA should also indicate to eNB when the AP used for the UE changes. Hence, we propose:

Proposal 4: eNB-assisted WLAN connectivity approach should be adopted for the purpose of LWA.
Proposal 5: When the AP used changes for a UE in LWA, at least the WLAN AP indicates that to the eNB via the LTE-WLAN control plane interface.
Proposal 6: eNB provides WLAN IDs, indication of WLAN channel frequencies, and  WLAN priorities to be used for LWA either via SIB or RRC signalling.

3
Conclusions 

In this contribution, we have mostly discussed the control plane aspects of LWA, mostly from mobility perspective  For the generic control plane aspects related to mobility, we propose the following:
Proposal 1: eNB always chooses when to initiate the LWA configuration.

Proposal 2: RAN2 to discuss whether activation/deactivation of LWA is supported.

Proposal 3: eNB signals the list of APs UE can use for LWA. UE measurement reports can be limited to APs in this set.
We also discussed mobility paradigm for the WLAN AP changes during the LWA operation. Two different ways, network-controlled and network-assisted mode have been proposed, and of those we have observed

Observation 1: Network-assisted WLAN AP mobility allows reuse of WLAN-specific mobility mechanisms and minimizes the signalling needed for WLAN AP changes, which reduces latency.

Observation 2: Network-controlled WLAN mobility may lead to signalling storms if the WLAN AP changes frequently.

Based on these, we made the following proposals:
Proposal 4: eNB-assisted WLAN connectivity approach should be adopted for the purpose of LWA.
Proposal 5: When the AP used changes for a UE in LWA, at least the WLAN AP indicates that to the eNB via the LTE-WLAN control plane interface.
Proposal 6: eNB provides WLAN IDs, indication of WLAN channel frequencies, and  WLAN priorities to be used for LWA either via SIB or RRC signalling.
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