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1. Introduction
One of the objectives of the new WI on “Enhanced LWA” is to specify “additional information collection and feedback e.g. for better estimation of available WLAN capacity (by additional signaling on both Uu and Xw) to improve LWA performance”.
In this contribution, we discuss some of such additional feedback and propose to adopt them for eLWA.

2. Discussion
In LWA, the scheduling decisions for downlink is performed at the eNB. For the LTE link, the eNB can utilize the associated feedback such as CQI as well as HARQ statistics and RLC status reports. For the WLAN link, only the flow control aspect was addressed in Rel-13 which is not always correlated with the performance of the WLAN link.

A natural improvement for LWA would be to define feedback for WLAN link similar to what is available for LTE link. This will allow eNB scheduler to determine the WLAN link quality and make better decisions for using both links and thus improving system level performance.
Since one of the requirements for eLWA is not to impact WiFi PHY/MAC, the feedback for WLAN link should be chosen using the existing metrics. Several options can be considered:

· WLAN instantaneous data rate (or peak rate) can be derived from the MCS. This is similar to the LTE data rate derived from CQI. Although this metric is useful, it may not always be descriptive of the actual link quality which is also impacted by the channel load and interference.
· Actual WLAN throughput can give a better measure of the expected link quality and thus be more useful for LWA scheduling. The accuracy of this metric will depend on the calculation formula and it might also depend on the amount of data transmissions on WLAN link. 
Both WLAN data rate and average throughput can provide useful information for the eNB to have a comparable assessment of WiFi link quality w.r.t. to the LTE one. 
A second question is whether these metrics should be signalled by the UE or WT. Both options are feasible; however WT feedback is provided over the backhaul link (Xw) and thus can be more often and incur less delay without using the LTE air resources. In Release-13, resource status reporting was already defined on Xw to signal information such as BSS load, channel utilization, and backhaul data rates. Therefore, it is natural to use either Xw-AP or Xw-U to also report WLAN data rate and throughput metrics. The calculation of these at the WT should be left to implementation.
Proposal 1: Introduce signalling on Xw to provide WLAN data rate and/or average WLAN throughput for a UE.
WLAN RSSI is readily available and used for WLAN mobility and LWA activation. When the UE is connected to an AP, it can also measure RSSI from beacon frames periodically. It is known that RSSI vs data rate is usually a waterfall curve (assuming fixed channel load). Therefore, a measurement report based on serving AP RSSI threshold will be useful in determining when WiFi link is “good” or “bad”. We note that the currently defined W2 and W3 events are used for mobility and LWA activation and involves all APs in the mobility set. A new event should be defined for serving AP only where the UE reports when serving AP is above or below a threshold. This can be used for example by the eNB to suspend and resume forwarding data to WLAN.
Proposal 2: Introduce new measurement events based on RSSI for serving AP only.

WLAN Status Reporting defined in Rel-13 provides feedback when WLAN link fails. However, a more frequent event during the operation of LWA is for WLAN link not to fail completely but to be unavailable temporarily. This could be due to several reasons:
· HLOS initiated scans: In smartphones, HLOS regularly requests WiFi scans to find available WLAN networks. Since it was decided in Rel-13 that user preferences have higher priority, this will result in WiFi radio not being available for LWA. However, in most cases, the STA does not connect to a user preferred network and thus WiFi radio can be used for LWA after the scan. This interruption (which varies depending on the scan type but a full scan can take up to 10-15s from beginning to end) cannot be reported to the eNB via the existing procedure.

· Roaming inside the Mobility Set: In LWA, the UE can perform mobility within the Mobility Set without informing the eNB. However, the UE has to scan for other APs once it decides to move from the current AP. This will cause an interruption similar to the HLOS initiated scans.
· Temporary loss of connection: The UE may lose the WiFi link and connect again after some time. Within the existing WLAN Status Reporting, the UE is forced to either report a failure immediately or wait for the connection to come back even though eNB scheduled data on WLAN will not be delivered during this time. 
In all of these cases, it is better for the UE to report the WLAN link loss immediately and send a second report when the link becomes available or completely fails. The benefit for the first case is obvious that the eNB will then not release LWA and the operation can continue after the temporary break. When the link fails completely, there is still benefit in that the eNB will stop forwarding data to WLAN which limits the loss of data compared to UE using a long timer to wait for complete failure and reporting only after this event. 
The above can be achieved by UE sending a “suspend” cause value when WLAN link is unavailable and subsequently reporting either a “resume” value or “failure” (which is already defined in Rel-13) depending on the outcome of whether WLAN link becomes available afterwards.
Proposal 3: New cause values should be introduced in WLAN Status Reporting to report the loss of WiFi link temporarily which can help eNB to suspend and resume LWA operation.

3. Conclusion
In this contribution, we discussed additional feedback to improve LWA performance and propose the following:
Proposal 1: Introduce signalling on Xw to provide WLAN data rate and/or average WLAN throughput for a UE.
Proposal 2: Introduce new measurement events based on RSSI for serving AP only.

Proposal 3: New cause values should be introduced in WLAN Status Reporting to report the loss of WiFi link temporarily which can help eNB to suspend and resume LWA operation.
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