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1. Introduction

For LTE/WLAN Aggregation (LWA) [1], RAN#89bis and RAN2#90 have made several agreements on the control plane architecture and signaling. In this contribution, we discuss some of the remaining open issues, in particular the signaling aspects and provide proposals on these.
2. Discussion
The LWA aims to improve data offloading to WLAN and it has been the general assumption this only applies to data bearers. In other words, all the signaling bearers are kept on LTE. Even though this may be obvious, it would be beneficial to capture as an agreement. This applies to Interworking Enhancement as well: 

Proposal 1: The control signalling (SRBs) are transmitted on only LTE for both LTE/WLAN aggregation and Interworking enhancement.
Capability and Status Exchange:

The network should be aware of the UE capability in supporting LWA. It is natural to use the conventional UE Capability Enquiry procedure for this purpose. It is also necessary to identify the UE across both LTE and WLAN for eNB to set up aggregation with WLAN and exchange UE specific information. The natural and simplest option is to use the WLAN MAC address which can be signaled via the same RRC message.  It is also feasible to provide further WLAN capability such as the support of 802.11 type (e.g. b/g/n/ac) which can help eNB in determining the suitable APs and configuring offloading parameters.
Proposal 2: The UE capability for aggregation and interworking enhancement will be provided to the network via UE Capability Enquiry procedure. The UE will also provide its WLAN MAC address during this procedure. The UE can also provide additional WLAN capability such as the support of 802.11 versions. 
The knowledge of network capability to support aggregation and interworking enhancement can be used by the UE to improve IDLE mode mobility. For example, the UE can prioritize selecting cells which support aggregation and interworking. Since the UE needs to move to CONNECTED mode for traffic steering commands, being in the “right” cell will expedite this process. This identification can be broadcasted by the eNB in SIB1 or 2. 

Proposal 3: An eNB can signal its capability to support aggregation and/or interworking enhancement in SIB1 or SIB2.
The UE should inform eNB about its association with the selected AP (either selected by the UE or signaled by the eNB depending on the WLAN selection and mobility procedure used). This information is needed to enable aggregation or interworking enhancement. The procedure is similar to handover completion in SeNB addition although here the UE can send the confirmation directly to the eNB via RRC or eNB can receive it from the WLAN via the interface. The control of which option, via RRC or from WLAN, should be done by the eNB, i.e. eNB can disable the UE feedback if it is able to get this information from WLAN.
Proposal 4: eNB will be informed with a UE’s successful association with the selected serving AP. The eNB will configure the UE to provide this UE feedback if it is not available from WLAN. 
It is also necessary for the UE to report when the connection to the current serving AP is lost for the eNB to trigger appropriate traffic steering commands. This can happen either due to losing the connection or UE disabling the WiFi connection, for example due to user preferences. The reporting itself is similar to RLF reporting for SeNB on DC. Note that this is different than when the association is lost due to mobility to another AP. For example, in the WLAN selection option agreed in RAN2#90 where the UE can use WLAN mobility without informing eNB, the UE will not send this “loss indication” if it can select another AP. The UE can include a cause value to inform the eNB of the reason (e.g. another WiFi connection with higher priority, radio conditions etc.) in the “loss indication” message. 
Proposal 5: UE will report to eNB when the connection to the current serving AP is lost with a cause value unless another AP is selected due to WLAN mobility.
Traffic Steering:

It was agreed in RAN2#90 that a traffic steering command will be used for RAN Controlled WLAN Interworking. For LWA, a similar procedure is needed with the following differences:

1. The granularity of the steering is at the bearer level.
2. UE does not need to involve upper layers
3. The command is used to indicate a bearer is served by LTE only or LTE/WLAN Aggregation
This steering for LWA is similar to Dual Connectivity procedure for changing a bearer between MCG and split bearer. As such, similar signaling used in RRC Connection Reconfiguration for this purpose (e.g. in radioResourceConfigDedicated) should be adopted. 
It is also essential to distinguish downlink and uplink in traffic steering which gives eNB more flexibility on choosing LTE or WLAN for each direction. For example, since LTE uplink is scheduled, it is more reliable and efficient for multiple access compared to WLAN (performance improvements were observed for TCP traffic in aggregation mode when TCP ACKs were always sent on LTE). Therefore, eNB may prefer to use uplink on LTE while keeping downlink on aggregation mode. This is similar to Dual Connectivity split bearer where the uplink can be served by a different eNB than downlink. Note that the reason why this flexibility exists in Aggregation but not in Interworking Enhancement is the eNB is the data anchor in Aggregation as opposed to P-GW in Interworking where uplink/downlink separation is not practical. 

On downlink, the data bearer could be always on LTE; for example the eNB may put high QoS traffic such as VoLTE on LTE. It could also be served by either LTE or WLAN (aggregation mode). We note that there is no reason to have a WLAN only mode since the aggregation mode already covers this option. The situation is different compared to LTE only where differentiation from aggregation mode is needed since the UE can disassociate with or stop monitoring WLAN if all bearers are on LTE.
For uplink, RAN2#89bis already agreed that the “Aggregation will support uplink transmissions on LTE. Other modes of operation for uplink will be discussed as a second priority”. Therefore, it is sufficient to have the following for downlink only at this stage:
Proposal 6: For aggregation, the steering command received via RRC Connection Reconfiguration will indicate LTE only or aggregation (LTE+WLAN) modes for a bearer for downlink.
Similar to DC, the UE will follow the command and reconfigure bearers accordingly. We note that this still allows giving higher priority to UE preferences and operating with other (non-operator) WLAN networks. As captured in Proposals 5, the UE will report when its connection to an AP is lost and the UE can always forgo this AP connection due to internal reasons (UE preferences, other WLAN configured by HLOS etc). However, when it is connected to aggregation AP, it shall always follow the eNB steering command except in cases where the UE can’t comply with the reconfiguration and follows the current Reconfiguration failure procedure.

Proposal 7: When the UE is associated with WLAN which supports LTE/WLAN aggregation and whose identity has been signaled by the eNB, the UE shall follow the traffic steering commands from this eNB except for Reconfiguration failure cases.

3. Conclusions and Proposals
In this contribution, we discussed some of the remaining open issues for control plane, in particular the signaling aspects, and make the following proposals:
Proposal 1: The control signalling (SRBs) are transmitted on only LTE for both LTE/WLAN aggregation and Interworking enhancement.
Proposal 2: The UE capability for aggregation and interworking enhancement will be provided to the network via UE Capability Enquiry procedure. The UE will also provide its WLAN MAC address during this procedure. The UE can also provide additional WLAN capability such as the support of 802.11 versions. 

Proposal 3: An eNB can signal its capability to support aggregation and/or interworking enhancement in SIB1 or SIB2.
Proposal 4: eNB will be informed with a UE’s successful association with the selected serving AP. The eNB will configure the UE to provide this UE feedback if it is not available from WLAN. 

Proposal 5: UE will report to eNB when the connection to the current serving AP is lost with a cause value unless another AP is selected due to WLAN mobility.

Proposal 6: For aggregation, the steering command received via RRC Connection Reconfiguration will indicate LTE only or aggregation (LTE+WLAN) modes for a bearer for downlink.
Proposal 7: When the UE is associated with WLAN which supports LTE/WLAN aggregation and whose identity has been signaled by the eNB, the UE shall follow the traffic steering commands from this eNB except for Reconfiguration failure cases.
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