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1. Introduction

RAN#67 approved a new Release 13 Work Item on LTE-WLAN Radio Level Integration and Interworking Enhancement [1]. One of the objectives of the WI is to “improve network control of WLAN offload”. This applies to both aggregation and interworking enhancement.

In this contribution, we discuss the control plane architecture and signaling which can be used to improve network control of WLAN offloading. Both the common aspects for aggregation and interworking enhancements as well as specific signaling to support aggregation user plane (as captured in [2]) are discussed. 
2. Discussion
In Release-12 WLAN/3GPP interworking using RAN rules, UE is provisioned with RAN rules and RAN (eNB in E-UTRAN) provides parameters and thresholds in helping UE make offloading decisions. In Release-13 WI, one major goal is to improve the network control by more involvement of eNB in offloading decisions. This applies to both aggregation and interworking enhancement. 
Per WI objective, the interworking enhancement will “build upon LTE/WLAN interworking studied in Release-12” and in particular solution-3 which is captured in the SI TR [3]. Therefore, it is reasonable to assume Release-12 solution-3 as a baseline and re-use many of the design elements, in particular for measurements, which are also applicable to aggregation. This will also help to have a unified design which can accommodate both aggregation and interworking enhancement and simplify both specifications and eNB and UE implementations.

Proposal 1: RAN2 should target common control signalling as much as possible in supporting both aggregation and interworking enhancements.

LTE/WLAN aggregation will support transmission of packets for a bearer. However, this is limited to data bearers and all the control signaling will still be transmitted on LTE. This is similar to Dual Connectivity where all signaling for the user is transmitted from MeNB only.

Proposal 2: The control signalling (SRBs) are transmitted on only LTE for both LTE/WLAN aggregation and Interworking enhancement.
To enable improved network control of offloading, the network should be aware of the UE capability in supporting the described procedures below, including support for data aggregation. These capabilities can be provided by the conventional RRC messages such as UECapabilityEnquiry and UECapabillityInformation to the eNB. The UE response can also include WLAN related information such as its MAC address which can be used on the eNB-WLAN interface for UE identification in enabling data transfer and exchanging control information.
Proposal 3: The UE capability for aggregation and interworking enhancement will be provided to the network via RRC. The UE will also provide its WLAN MAC address during this procedure.
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 4: An eNB can signal its capability to support aggregation and/or interworking enhancement in SIB1 or SIB2.
The rest of the control plane improvements will be investigated in three groups:

1. UE Measurements

2. WLAN Selection

3. Traffic Steering

2.1. UE Measurements
In Release-12 and earlier WLAN offloading solutions, the UE can use WLAN measurements in its decisions for WLAN selection and traffic steering. However, these measurements are not reported to RAN. It was already agreed in RAN2#89bis that the RRM procedures will be extended for WLAN measurements and the metrics defined in Rel-12 for RAN rules will be supported as a baseline.

The WLAN measurements may include both serving AP (which is currently serving bearers in aggregation or enhanced interworking mode) and/or neighbor APs. These can be used for traffic steering, scheduling decisions in aggregation mode, and WLAN selection. The neighbor measurements configuration will also depend on the WLAN selection mechanism discussed in Section 2.2 and therefore decisions on neighbor AP measurements should be considered after agreements on WLAN selection procedures
Proposal 5: RAN2 should agree on WLAN selection and mobility procedures first before defining WLAN measurements.

2.2. WLAN Selection
In pre-Release-12 WLAN offloading solutions, the selection of a WLAN AP is up to the UE/STA implementation. This is in accordance with the conventional WLAN mobility where mobility decisions are initiated and determined by the STA. In Release-12, this principle is kept where selection is still performed by the UE based on the RAN rules and thresholds configured by the network. 
In Release-13, the same mechanism, which will be called “network-assisted” here, can be used as follows: 
1. The network (eNB) provides WLAN identifiers the WLAN networks supporting aggregation and/or interworking enhancement.

2. UE selects and associates with an AP and notifies the eNB of association with this AP (this can also be done via AP to eNB signaling)
3. eNB enables aggregation or interworking with this AP. 

We note that the eNB still has the option to select a specific AP by signaling the BSSID as a WLAN identifier in “network-assisted” mode. 
Another option is to have a mechanism similar to LTE mobility where AP selection is performed at the eNB based on UE measurements, which we will call “network-controlled”. In this scheme:

1. The network (eNB) provides WLAN identifiers the WLAN networks supporting aggregation and/or interworking enhancement.

2. UE finds the APs which match the measurement configuration (e.g. SSID, RSSI threshold) and reports the list to the eNB. 
3. eNB selects one of them and requests the UE to connect to this AP. 
4. UE associates with this AP and notifies the eNB.

5. eNB enables aggregation or interworking for this AP. 
Both options are feasible and hybrid approaches are also possible. These are discussed in more detail in a companion paper [5] where a hybrid compromise “network-assisted” is also proposed. RAN2 should evaluate these options  as well as other options with their respective pros and cons. It is also beneficial that the same procedure is used for both LTE/WLAN aggregation and interworking enhancement in the CONNECTED mode; they will be different in IDLE mode since Aggregation only works in CONNECTED mode while interworking enhancement is applicable to IDLE mode as well.
Independent of the mechanism of target WLAN selection, the UE should inform eNB about its association with the selected AP (either selected by the UE or signaled by the eNB). The 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.

Proposal 6: eNB will be informed with a UE’s successful association with a selected serving AP.
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. 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.)
Proposal 7: UE will report to eNB when the connection to the current serving AP is lost with a cause value.
As mentioned in Section 2.1, the measurement configuration may be different for Network-Directed and Network-Controlled modes. In particular, neighbor AP measurements may not be needed for Network-Directed mode as the UE will make the AP selection based on configured network identities without reporting the neighbor AP measurements to the eNB. On the other hand, for Network-Directed mode, in order for EU to discover WLAN networks which support aggregation or interworking enhancements, the UE should be provided with identifiers for these network. In Release-12, this information is already provided in SIB17. For Release-13, the same broadcasting mechanism can be re-used. These can also be provided in dedicated RRC messages. The eNB can also indicate whether a WLAN network can support aggregation and/or interworking enhancements. With Network-Controlled mode WLAN identifiers can be signaled as part of the measurement configuration.
2.3. Traffic Steering

For Release-12 solution-3, TR 37.834 [3] already has the step-3 as an explicit command to steer traffic between LTE and WLAN as shown in Figure 1. The logical choice for the granularity of the steering is bearer level since the data traffic is differentiated at the eNB by EPS bearer level. This is also applicable to aggregation.
Proposal 8: eNB will send a traffic steering command to the UE for WLAN offloading at EPS bearer level granularity.
For LTE/WLAN aggregation, the traffic steering command is similar to switching a bearer between MCG, SCG, and split-bearer modes. Therefore, similar to DC, the UE will follow the command and reconfigure bearers accordingly. We note that this allows respecting the UE preferences and operating with other WLAN networks. As captured in Proposals 6 and 7, the UE will report when it is associated with an AP which supports aggregation and when this connection is lost. 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.

Proposal 9: 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.

For interworking enhancement, a bearer could be served on either LTE or WLAN and this covers both downlink and uplink directions since the switching happens at the core network. However, since traffic steering in Release-12 interworking is per APN level, the interworking enhancement will need to move all other bearers in the same APN when at least one of them is moved as directed by the eNB.
Proposal 10: For interworking enhancement, if at least one bearer is moved to/from WLAN, all other bearers of the same PDN Connection are moved as well.
For aggregation, a bearer can be served on both LTE and WLAN. Therefore, whether a bearer is on LTE only or on aggregation should be signaled to the UE. As discussed in [4], the use cases for LTE/WLAN aggregation includes serving a subset or all of bearer data on either LTE or WLAN in aggregation mode. One distinction from interworking enhancement is that, since eNB is the data anchor, it is not necessary to serve downlink and uplink in the same mode. For example, downlink could be on aggregated mode while uplink could be on LTE only. This is similar to the Dual Connectivity split-bearer operation as standardized in Release-12. Therefore, the steering command for the aggregation should also indicate the downlink/uplink direction for a bearer. 

Proposal 11: For aggregation, the steering command will indicate either LTE or aggregation (LTE+WLAN) modes for a bearer separately for downlink and uplink directions.
Since uplink aggregation is considered as a second priority as captured in the WI objectives and discussed in the user plane architecture [2], the default mode of operation for uplink will be LTE only as agreed in RAN2#89bis.

3. Conclusions and Proposals
In this contribution, we analyzed the control plane architecture for LTE/WLAN aggregation and Interworking Enhancement and suggested several proposals targeting a unified signaling framework.
We propose to discuss and agree to the following proposals:
Proposal 1: RAN2 should target common control signalling as much as possible in supporting both aggregation and interworking enhancements.

Proposal 2: The control signalling (SRBs) are transmitted on only LTE for both LTE/WLAN aggregation and Interworking enhancement.
Proposal 3: The UE capability for aggregation and interworking enhancement will be provided to the network via RRC. The UE can also provide its WLAN MAC address during this procedure.

Proposal 4: An eNB can signal its capability to support aggregation and/or interworking enhancement in SIB1 or SIB2.
Proposal 5: RAN2 should agree on WLAN Selection procedures first before defining WLAN measurements, at least for neighbor APs.
Proposal 6: eNB will be informed with a UE’s successful association with a selected serving AP.

Proposal 7: UE will report to eNB when the connection to the current serving AP is lost

Proposal 8: eNB will send a traffic steering command to the UE for WLAN offloading at EPS bearer level granularity.

Proposal 9: 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.

Proposal 10: For interworking enhancement, if at least one bearer is moved to/from WLAN, all other bearers of the same PDN Connection are moved as well.
Proposal 11: For aggregation, the steering command will indicate either LTE or aggregation (LTE+WLAN) modes for a bearer separately for downlink and uplink directions.
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