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1
Introduction
In the scope of the agreed WID [1] for LTE-WLAN radio level integration and interworking enhancement several enhancements are comprised as follows: 
For inter-working in the non-co-located scenario, this work item shall introduce network-controlled WLAN/3GPP radio mechanisms based on solutions identified in Release 12 (identified as “solution-3” in the TR 37.834). These should lead to efficient RAN controlled traffic steering between LTE and WLAN deployed and controlled by operators and their partners for UEs to improve user experience, power efficiency and system efficiency.

In particular, the traffic steering for UEs in RRC CONNECTED may be controlled by the network using dedicated traffic steering commands, based also on WLAN measurements (reported by the UE or obtained via interface from WLAN infrastructure if found needed by the study).
Specify RRC enhancements for network-controlled activation and de-activation for aggregation based on Release-12 LTE Dual Connectivity and traffic steering indication for inter working enhancements based on Release-12 SI on 3GPP/WLAN Radio Interworking 
Specify UE WLAN measurement reporting for aggregation and inter-working enhancements

This contribution discusses the limitations of Release 12 RAN assisted WLAN radio interworking functionality and proposes potential LTE-WLAN interworking enhancements.
2
Discussion
LTE-WLAN radio interworking enhancement is meant to build upon the Release 12 RAN-assisted WLAN radio interworking functionality and “solution-3” identified in the TR 37.834 [2]. The enhancements aim at network-controlled traffic steering mechanisms in order to increase user and system performance. Both collocated and non-collocated scenarios should be supported by the identified solutions [3].
Release 12 RAN-assisted WLAN radio interworking enables cellular network assisted dynamic traffic offload and onload (to and from WLAN). Onload / offload occurs when the UE fulfils all the specified conditions (rules) related to the signaled thresholds. The latter thresholds are part of the RAN-assistance information which is provided to the UE by broadcast and/or dedicated signalling. The defined thresholds comprise RAN access thresholds (e.g. RSRP thresholds) and WLAN access thresholds (e.g. RSSI and channel utilization thresholds). The solution works in any UE state (IDLE, CONNECTED) and is applicable to both access network selection and traffic steering. The feature can be used by both UEs supporting ANDSF (ANDSF rules) and not supporting ANDSF or not having a valid ANDSF Mobility Object (MO) (RAN rules). 
In the following several limitations of the Release 12 interworking solution are discussed and potential areas for enhancements are proposed.

“Solution-3” in TR 37.834 [2] proposes support of handover commands based on event-triggered UE reports, e.g. WLAN RSSI along with the corresponding WLAN network identifier (ID), i.e. network control to offload CONNECTED UEs to WLAN as follows:
Step 1.
Measurement control: The eNB/RNC configures the UE measurement procedures including the identity of the target WLAN to be measured. 

Step 2.
Measurement report: The UE is triggered to send MEASUREMENT REPORT by the rules set by the measurement control. 

Step 3.
Traffic steering: The eNB/RNC sends the steering command message to the UE to perform the traffic steering based on the reported measurements and loading in the RAN.  
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Solution 3: Traffic steering for Ues in RRC CONNECTED/CELL_DCH state

Proposal 1: The eNB configures the UE measurement procedures 
Proposal 2: The UE is triggered to send MEASUREMENT REPORT by the rules set by the measurement control .
Proposal 3: The eNB sends the steering command message to the UE to perform the traffic steering 
Proposal 4: The UE confirms to the eNB after the data is steered according to steering command
For devices non capable of Release 12-ANDSF, traffic steering between 3GPP RAN and WLAN based on the RAN rules is limited to the APN granularity only, i.e. bearer-level offloading is not supported. 

The work item [1] includes the following objective:

1. Specify solution for user plane aggregation at the PDCP layer based on Release-12 LTE Dual Connectivity allowing both per packet (i.e. per PDCP PDU as in Dual Connectivity split bearer) and per bearer offloading.

a. For the case of per packet offloading, downlink should be specified with higher priority than uplink

However from the above text it is not clear whether per bearer offloading is targeted to be supported for WLAN/LTE interworking. We think that it would be logical to support the same functionality for both WLAN / LTE aggregation and interworking. 
Proposal 5: Per bearer offloading is supported for both WLAN / LTE interworking and aggregation.

When applying those traffic steering commands, the UE selection (i.e. configuration of the feature for the UE) is challenging due to the unawareness at the eNB of the user preferences which may take precedence. Similarly, the UE may not have suitable traffic for offloading. 
Observation 1: The eNB is not aware whether offloading of particular UE is possible due to e.g. the user preference.
Proposal 6: WLAN / LTE interworking and aggregation can be configured only for the UEs which are able to offload traffic to WLAN i.e. offloading is not forbidden by the user preferences.
Additionally to the local RAN performance information, the knowledge of the WLAN AP performance at the eNB is beneficial for optimal configuration of (broadcast) threshold settings and determining handover commands efficiently, cf. TR 37.870 [3]. This requires the retrieval at the eNB of WLAN specific KPIs which identify the performance of the WLAN AP and the connected UEs. It is important to identify an efficient measurement framework, i.e. which WLAN measurement is convenient to be reported by the UE and which via a standardized 3GPP-WLAN interface (non-collocated scenario)[4]. The objectives should be to limit information latency air interface signalling, and UE battery consumption. The relevant measurements comprise WLAN UE radio levels, e.g. Received Signal Strength Indicator (RSSI), and several load metrics of the WLAN AP, e.g. BSS Load, BSS Average Access Delay / BSS AC Access Delay, WAN Metrics, and possibly UE average downlink/uplink data rate. As UE radio quality indications are best known at the UE those can be received by the RAN by means of UE reporting according to given network event configurations which keeps the UE reporting minimal. On the contrary, in order to reduce air interface signalling and UE battery impact,  it seems beneficial to retrieve WLAN AP load/performance measurements directly from the AP via the interface. This adds the flexibility to report those more frequently, e.g. on a periodic basis additionally to a certain event-basis. Also WLAN identifiers (e.g. SSID, BSSID, HESSID) should be provided to the eNB, refer to Observations 3-4. Due to their rather large size, it seems beneficial to provide those via the interface as well. It should be noted as well that even for the collocated scenario the same standardized interface could be used as it enables inter-vendor operability. 
Proposal 7: A standardized interface between LTE and WLAN is required in the non-collocated scenario and could be beneficial in the collocated scenario to support efficient interworking enhancement solutions.
Proposal 8: In order to minimize information latency, air interface signalling and UE battery consumption, only minimal UE reporting of WLAN radio event triggers should be supported, while WLAN AP load/performance metrics and WLAN IDs should be retrieved directly via the standardized interface.
One further aspect is that part of the above-mentioned assistance information, RAN indicates the identifiers (IDs) of the WLAN networks e.g. SSID, BSSID, HESSID, which should be considered for radio interworking by non-ANDSF capable UEs. In order for RAN to optimize the broadcast signaling of those WLAN IDs, the RAN should be capable to detect WLANs present under its coverage area.
Observation 2: It is beneficial for WLAN interworking that the list of WLAN networks under the coverage of the eNB is maintained in the RAN.

Observation 3: The standardized LTE-WLAN interface enables the knowledge of the WLAN networks under the coverage of the eNB since this is required to establish connectivity between the eNB and WLAN AP.

The WLAN association procedure may take quite long time i.e. several seconds. Should such procedure be performed before or after measurement reporting? For instance in case the association procedure fails it makes UE reporting unnecessary.
Proposal 9: It should be agreed how the WLAN association procedure is done i.e. before or after a measurement reporting. 
3
Conclusion
In this contribution we have discussed the limitations of Release 12 RAN assisted WLAN radio interworking functionality and identified the areas of improvements/solutions that RAN2 should target as potential LTE-WLAN interworking enhancements. The following proposals and observations were made:
Observation 1: The eNB is not aware whether offloading of particular UE is possible due to e.g. the user preference.

Observation 2: It is beneficial for WLAN interworking that the list of WLAN networks under the coverage of the eNB is maintained in the RAN.

Observation 3: The standardized LTE-WLAN interface enables the knowledge of the WLAN networks under the coverage of the eNB since this is required to establish connectivity between the eNB and WLAN AP.

Proposal 1: The eNB configures the UE measurement procedures 
Proposal 2: The UE is triggered to send MEASUREMENT REPORT by the rules set by the measurement control .
Proposal 3: The eNB sends the steering command message to the UE to perform the traffic steering 
Proposal 4: The UE confirms to the eNB after the data is steered according to steering command

Proposal 5: Per bearer offloading is supported for both WLAN / LTE interworking and aggregation.

Proposal 6: WLAN / LTE interworking and aggregation can be configured only for the UEs which are able to offload traffic to WLAN i.e. offloading is not forbidden by the user preferences.

Proposal 7: A standardized interface between LTE and WLAN is required in the non-collocated scenario and could be beneficial in the collocated scenario to support efficient interworking enhancement solutions.
Proposal 8: In order to minimize information latency, air interface signalling and UE battery consumption, only minimal UE reporting of WLAN radio event triggers should be supported, while WLAN AP load/performance metrics and WLAN IDs should be retrieved directly via the standardized interface.
Proposal 9: It should be agreed how the WLAN association procedure is done i.e. before or after a measurement reporting. 
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