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1 Introduction

As per the WI[1] objective to “specify UE WLAN measurement reporting for aggregation and inter-working enhancements” and several preliminary agreements were reached in RAN2 #89bis, this paper further discusses WLAN measurement and reporting mechanism for both LTE/WLAN aggregation (LWA) and Network Control LTE/WLAN Interworking (NCIWK).
2 Discussion
For R-12 RAN Assisted Interworking (RAIWK), access network selection and traffic steering is decided at UE with assistance information signaled from eNB. There is no need for UE to report WLAN measurement to eNB. 
With tighter aggregation and control foreseen by R-13 enhancements, it is the network (eNB) which is in the position of making these decisions, and it becomes essential for the UE to provide quality WLAN measurements to facilitate good decision-making at network.
2.1 Supported Functionalities

LTE/WLAN aggregation (LWA)

When LWA is enabled, the WLAN that UE is using is called “serving WLAN”; while “neighboring WLAN” refers to other non-serving WLANs. 
Following functionalities are required for LWA:

· Neighboring WLAN discovery

· When neighboring WLAN becomes better than a threshold [A4-like]
· Serving WLAN release/change

· When serving WLAN becomes worse than a threshold [A2-like]
· When serving WLAN becomes worse than a threshold and neighboring WLAN becomes better than another threshold [A5-like]
Similar to A5 event, UE can report when a neighboring WLAN becomes better than a threshold and the serving WLAN becomes worse than another threshold regardless this neighboring WLAN is on the same or different frequency.
Considering that Beacon RSSI measurement is only available approximately every 100ms and LWA is likely to be deployed mainly for low mobility, we propose not to consider the offset measurement (i.e. neighboring WLAN becomes offset better than serving WLAN).  

Proposal 1:
Network should be able to configure following measurement report for LWA

· UE shall report when neighboring WLAN becomes better than a threshold
· UE shall report when serving WLAN becomes worse than a threshold
· UE shall report when neighboring WLAN becomes better than a threshold and serving WLAN becomes worse than another threshold

Proposal 2:
RAN2 to discuss the need to introduce A3-like (offset) measurement for WLAN
Network Control LTE/WLAN Interworking (NCIWK)

When NCIWK is enabled, the WLAN that UE is offloading is called “serving WLAN” to align with LWA measurement; while “neighboring WLAN” refers to other non-offloading WLANs. 

Following functionalities are required for NCIWK:

· Start offloading

· When neighboring WLAN becomes better than a threshold [A4-like]
· When neighboring WLAN becomes better than a threshold and serving LTE becomes worse than another threshold
· Stop offloading 

· When serving WLAN becomes worse than a threshold [A2-like]
· When serving WLAN becomes worse than a threshold and serving LTE becomes better than another threshold 

To align with R-12 design, WLAN mobility under NCIWK is still up to UE. Therefore, it is assumed that UE always selects the best WLAN it can access and only triggers report when offloading WLAN (supposedly the best) becomes worse than threshold.
It is up to UE to select the “best available WLAN” based on any algorithm applied by UE connection manager. However, this interaction with UE connection manager is outside the scope of RAN2 discussion.

Proposal 3:
In addition to measurement for LWA, network should be able to configure following measurement report for NCIWK
· UE shall report when neighboring WLAN becomes better than a threshold and serving LTE becomes worse than another threshold
· UE shall report when serving WLAN becomes worse than a threshold and serving LTE becomes better than another threshold
2.2 WLAN Measurement Configuration

In RAN2 #89bis, RAN2 had agreed on following regarding measurement:
· We extend the RRM measurement framework by adding WLAN measurement reporting. 
· As baseline the measurement metrics defined in Rel-12 for RAN rules are supported for reporting (This does not preclude direct provisioning of measurements from WLAN to eNB)

· The eNB may configure measurement objects for WLAN measurements. 

Usually E-UTRAN configures the UE to report measurement information to support the control of UE mobility. Therefore, WLAN measurement report is required to support LWA or NCIWK. The measurement configuration includes elements like measurement objects, report configuration, measurement identities, quantity configuration, and measurement gaps.

Measurement ID
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Figure 1 Example measurement configuration

Proposal 4:
For WLAN measurement, current measurement configuration still applies, i.e. measurement ID is assigned and linked to one measurement object and one report configuration.

Measurement Object

Typically, the E-UTRAN configures only a single measurement object for a given frequency. It is proposed that this principle is also applied to WLAN measurement configuration, i.e. a measurement object is configured to (say) 2.4 GHz ISM band and UE can measure WLAN on all WLAN channels on the band. 

Proposal 5:
The eNB can configure a WLAN measurement object to a WLAN band.

Since the target for aggregation considers only WLAN nodes deployed and controlled by operators and their partners, it is proposed that a “white list” is provided to UE, so UE only triggers report toward concerned WLANs. The WLAN ID can re-use R-12 WLAN identifiers, including SSID, BSSID, and/or HESSID. In other words, the network can configure a list of WLANs in the measurement object, which also align with the current inter-RAT measurement configuration. Furthermore, if the WLANs IDs are already broadcasted for R-12 RAIWK, it is possible to reduce signaling overhead by referring to those broadcasted WLAN IDs in the WLAN measurement configuration. 
Proposal 6:
The eNB can configure a list of WLAN IDs in a WLAN measurement object.

Measurement Report

Based on the supported functionalities of WLAN measurements in section 2.1, corresponding event-triggered reporting criteria are proposed. In addition, in R-12, RAN2 already defined following metrics for RAIWK:
· BeaconRSSI

· ChannelUtilizationWLAN (BSS load)

· BackhaulRateDlWLAN 

· BackhaulRateUlWLAN 

Therefore, it is proposed that at least these metrics can be configured as triggering event for WLAN measurement report.
Proposal 7:
The eNB can configure a UE at least one metric out of {BeaconRSSI, ChannelUtilizationWLAN, BackhaulRateDlWLAN, BackhaulRateUlWLAN} to trigger WLAN measurement report.
Once the report is triggered, UE can include BeaconRSSI for all WLANs that passed the check. The report can optionally include additional information, e.g. ChannelUtilizationWLAN, BackhaulRateDlWLAN, BackhaulRateUlWLAN, WLAN Channel, WLAN version. The reporting of these additional information is configurable by eNB and depends on availability from WLAN Beacon frames as well as the information shared between LTE and WLAN logical node (WLN). 

For a WLAN, it has the flexibility to switch channels, i.e. WLAN channel. From user distribution point of view, it’d be useful for eNB to know the exact WLAN channel that the WLAN is using. Furthermore, it is useful for eNB to know the WiFi version supported by the WLAN, therefore, it can pick the right WLAN that matches UE capability.
Proposal 8:
The eNB can configure UE to report at least one metric out of {BeaconRSSI, ChannelUtilizationWLAN, BackhaulRateDlWLAN, BackhaulRateUlWLAN} in the WLAN measurement report.

Proposal 9:
RAN2 to discuss whether the eNB can configure UE to report additional information, like WiFi version, WLAN channel.

In R-12, TsteeringWLAN concept is used to determine when the traffic steering between E-UTRAN and WLAN can happen after the triggering condition is met. In legacy measurement report, TTT is also used to screen out false alarm therefore uphold the report quality. For the same reasoning, we’d like to apply TTT to WLAN measurement report as well.

Proposal 10:
The eNB can configure TTT parameter to WLAN measurement reporting.
Currently, the UE may be configured to provide a number of periodic reports after having triggered an event. In addition to event triggered reporting, the UE may be configured to perform periodic measurement reporting. It is proposed that these options are also applicable for WLAN measurement configuration.

Proposal 11:
The eNB can configure event-triggered periodic reporting or periodic reporting for WLAN measurement report.

3 Conclusion
Based on the discussion, we propose the following:
Proposal 1:
Network should be able to configure following measurement report for LWA

· UE shall report when neighboring WLAN becomes better than a threshold
· UE shall report when serving WLAN becomes worse than a threshold
· UE shall report when neighboring WLAN becomes better than a threshold and serving WLAN becomes worse than another threshold

Proposal 2:
RAN2 to discuss the need to introduce A3-like (offset) measurement for WLAN
Proposal 3:
In addition to measurement for LWA, network should be able to configure following measurement report for NCIWK
· UE shall report when neighboring WLAN becomes better than a threshold and serving LTE becomes worse than another threshold
· UE shall report when serving WLAN becomes worse than a threshold and serving LTE becomes better than another threshold
Proposal 4:
For WLAN measurement, current measurement configuration still applies, i.e. measurement ID is assigned and linked to one measurement object and one report configuration.

Proposal 5:
The eNB can configure a WLAN measurement object to a WLAN band.

Proposal 6:
The eNB can configure a list of WLAN IDs in a WLAN measurement object.

Proposal 7:
The eNB can configure a UE at least one metric out of {BeaconRSSI, ChannelUtilizationWLAN, BackhaulRateDlWLAN, BackhaulRateUlWLAN} to trigger WLAN measurement report.

Proposal 8:
The eNB can configure UE to report at least one metric out of {BeaconRSSI, ChannelUtilizationWLAN, BackhaulRateDlWLAN, BackhaulRateUlWLAN} in the WLAN measurement report.

Proposal 9:
RAN2 to discuss whether the eNB can configure UE to report additional information, like WLAN version, WLAN channel.

Proposal 10:
The eNB can configure TTT parameter to WLAN measurement reporting.
Proposal 11:
The eNB can configure event-triggered periodic reporting or periodic reporting for WLAN measurement report.
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