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1
Introduction
In RAN2 #89bis meeting, some agreements about WLAN measurements were achieved as the followings:

	Agreements

For aggregation and interworking enhancements

1
We extend the RRM measurement framework by adding WLAN measurement reporting. 

2
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)

3
The eNB may configure measurement objects for WLAN measurements. 

4
For interworking enhancements the eNB may send a steering command to the UE (actual format and content is FFS)

5
RAN2 considers the interface for directly providing metrics such as BSS load from WLAN to eNB as beneficial (for the deployments where an interface is feasible) and suggests RAN3 to specify it as described in the WID. 


In last meeting, RAN2 has agreed that UE mobility within a group of APs is transparent to the eNB and UE mobility across such groups of APs is controlled by the eNB based on UE measurement reports. 
In this contribution, we further discuss the RRM measurements for LTE-WLAN aggregation and interworking enhancement in details. 
2
Discussion
We discuss WLAN related measurement aspects as below:
1) The usage of WLAN measurement;
2) WLAN measurement configuration;
3) WLAN measurement report;
2.1
The usage of WLAN measurement
For LTE-WLAN aggregation or interworking enhancement, there are three kinds of configuration operations: moving traffic from LTE to WLAN, moving traffic from WLAN to LTE, and change of WLAN AP. Therefore, we need to use suitable WLAN measurement to achieve the corresponding operations. 
Based on RAN2 agreements, the eNB has no idea which AP is the serving AP of the UE if the UE is still using the same AP group. It will be difficult for the eNB to configure A3/A5 like measurement events for the UE. In addition, if at least one AP in the AP group has good radio quality, there is no reason to change the UE to another AP group from quality perspective.
Therefore, it is beneficial to introduce the concept of the group of APs into the RRM measurement. In this case, we can define the group of the serving AP as the serving group.

Proposal 1: Introduce serving AP group for WLAN measurement event definition.
We discuss what WLAN measurements are needed:
· Moving traffic from LTE to WLAN

To move traffic from LTE to WLAN, the eNB needs to know which AP is better. Similarly to current event A4, we could define WLAN Event W1 “Neighbour becomes better than threshold” for the operation of moving traffic from LTE to WLAN. 
W1: Neighbour AP becomes better than threshold.
· Moving traffic from WLAN to LTE
To move traffic from WLAN to LTE, the eNB needs to know whether current AP quality is bad. Similar to current event A2, we could define Event W2 “Serving becomes worse than threshold”. However here due to the introduction of AP group, we should change it as “all APs of Serving AP group becomes worse than threshold”
W2:  all APs of Serving AP group becomes worse than threshold.
· WLAN AP change

Because the noise/interference of each WLAN channel may be different, it is not suitable to compare the measurement results on different WLAN channels directly. 
Similar to current event A3, we could define Event W3 “Neighbour AP becomes offset better than all APs of Serving AP group” for the operation of WLAN change.  
W3: Neighbour AP becomes offset better than all APs of Serving AP group.
We could also use A5 liked WLAN measurement, i.e. define Event W4 “all APs of Serving AP group become worse than threshold1 and neighbour AP becomes better than threshold2”for the operation of WLAN change. 
W4: all APs of Serving AP group become worse than threshold1 and neighbour AP becomes better than threshold2.
Based on the above analysis, we propose that:
Proposal 2: Use the following measurement events as a baseline for LTE-WLAN aggregation and inter-working enhancement: 

W1: Neighbour AP becomes better than threshold.
W2:  all APs of Serving AP group becomes worse than threshold.
W3: Neighbour AP becomes offset better than all APs of Serving AP group.
W4: all APs of Serving AP group become worse than threshold1 and neighbour AP becomes better than threshold2.
2.2
WLAN measurement configuration
In this section we discuss what parameters are needed for measurement configuration. 
The measurement object in LTE is set to frequency, so the UE can measure all available cells on that frequency. Currently, APs work on specific WLAN channels. For WLAN measurement in LTE-WLAN aggregation and interworking enhancement, the measurement object can be set to WLAN channel number, so the UE can measure all available APs on that channel. However an AP may change its channel number autonomously and APs in the same AP group may have different channel number. Therefore channel number is not suitable for WLAN measurement.
Observation 1: Channel number is not suitable for WLAN measurement.
Although the WLAN may change channel number autonomously, WLAN cannot change ISM band, i.e. 2.4GHz, 5GHz. To avoid unnecessary measurement, it is still useful to indicate ISM band in WLAN measurement configuration.
For LTE WLAN aggregation or inter-working, the eNB must already have neighbour WLAN information. The SSID, BSSID or HESSID should also be included in measurement configuration.  In addition, the UE needs to know serving AP group, it could be obtained by LWA configuration as discussed in [2].   
Proposal 3: The ISM band (2.4GHz or 5GHz) and WLAN identifier BSSID, SSID or HESSID are included in measurement configuration. 
For WLAN measurement in LTE-WLAN aggregation and interworking enhancement, it was agreed in [1] that as baseline the measurement metrics defined in Rel-12 for RAN rules are supported for reporting. That means beacon RSSI, BSS load, and UL/DL backhaul rate could be considered.  
However, the metrics on BSS load and UL/DL backhaul rate are AP-related information, eNB can collect these information through the interface between the eNB and the WLAN directly rather than through UE measurement report, which can reduce the overhead in radio interface. Therefore, only beacon RSSI is needed for WLAN measurement.
Proposal 4: Only beacon RSSI is needed for WLAN measurement.
Proposal 4bis: BSS load and UL/DL backhaul rate can be obtained via Xw interface if needed.
2.3
Reporting configuration
The measurement result of beacon RSSI shall be contained in the measurement report. In order to distinguish different WLAN APs, the UE should also indicate the BSSID which is associated to the result of beacon RSSI in the measurement report. 

Proposal 5: Measurement result of beacon RSSI and corresponding WLAN identifier BSSID are included in WLAN measurement report.
Currently, measurement report in LTE can be event triggered or periodic reporting. The same mechanism can be reused for WLAN measurement.

Proposal 6: Both event triggered and periodic reporting is supported for WLAN measurements. 

In order to provide stable measurement reporting, the UE should perform L3 filter before using the measured results for evaluation of reporting criteria or for measurement reporting. Similarly, L3 filter mechanism is also applied to the inter-RAT measurement. For the same purpose the L3 filter mechanism shall be reused for WLAN measurement. 
Proposal 7: L3 filter mechanism shall be reused for WLAN measurements. 
The purpose of UE measurement in LTE is mainly for mobility management, and a time TTT (Time-To-Trigger) is introduced in order to avoid ping pong handover. Since the WLAN coverage is relatively small, the probability of ping pong is higher than for LTE and the TTT mechanism is also needed for WLAN measurement. 
Proposal 8: TTT mechanism is used for WLAN measurements.
3
Conclusion
This paper discusses and analyses the RRM measurements for LTE-WLAN aggregation and interworking enhancement. Based on the above analysis, we have following proposals and observation:

Proposal 1: Introduce AP group for WLAN measurement event definition.
Proposal 2: Use the following measurement events as a baseline for LTE-WLAN aggregation and inter-working enhancement: 

W1: Neighbour AP becomes better than threshold. 
W2:  all APs of Serving AP group becomes worse than threshold.
W3: Neighbour AP becomes offset better than all APs of Serving AP group.
W4: all APs of Serving AP group become worse than threshold1 and neighbour AP becomes better than threshold2.
Observation 1: Channel number is not suitable for WLAN measurement.
Proposal 3: The ISM band (2.4GHz or 5GHz) and WLAN identifier BSSID, SSID or HESSID are included in measurement configuration. 

Proposal 4: Only beacon RSSI is needed for WLAN measurement.

Proposal 4bis: BSS load and UL/DL backhaul rate can be obtained via Xw interface if needed.
Proposal 5: Measurement result of beacon RSSI and corresponding WLAN identifier BSSID are included in WLAN measurement report.
Proposal 6: Both event triggered and periodic reporting is supported for WLAN measurements. 

Proposal 7: L3 filter mechanism is reused for WLAN measurements. 
Proposal 8: TTT mechanism is used for WLAN measurements.
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