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1
Introduction
In this contribution, we would like to provide our analysis on IEEE 802.11 Estimated Throughput as additional feedback metrics to estimate the WLAN capacity to satisfy the following objective of eLWA [1] WI:

“Additional information collection and feedback e.g. for better estimation of available WLAN capacity (by additional signalling on both Uu and Xw) to improve LWA performance (RAN2, RAN3)”
2
Discussion
IEEE 802.11 Estimated Service Parameters (ESP) element as defined in section 9.4.2.174 of [2] is used by a station (STA) to provide information to another STA which can then use the information as input to an algorithm to generate an estimate of throughput between the two STAs. The ESP Information Element (IE) contains per access category (AC) information as following:
· Expected aggregation used by the transmitting STA

· Block ACK window size of the transmitting STA
· Estimated available airtime fraction for STA
· Target PPDU duration of transmitting STA

Liaison from IEEE [9] has clarified the estimated throughput as follow:

“Therefore, a non-AP (client) device that supports Estimated Throughput can receive the ESP element in Beacon (or Probe Response) frames from an AP, and use it to calculate the Estimated Throughput metric for the downlink direction (from the AP to the client device). Similarly, an AP that supports Estimated Throughput can first solicit the ESP element from client device(s) by sending a Probe Request frame that requests this element and, on receiving a response, use it to calculate the Estimated Throughput metric for the uplink direction (from the client device to the AP).”
ESP IE can be included in beacon frame (Table 9-27 of [2]), probe request frame (Table 9-33 of [2]) and also probe response frame (Table 9-34 of [2]). Beacon frame and probe response frame are both transmitted by the WLAN AP. On the other hand, probe request frame is usually transmitted by the STA. However, the liaison from IEEE has mentioned that ESP IE can be solicited by an AP using probe request frame. Furthermore, it has not specifically mentioned about the ESP IE can be carried over probe request frame sent by the STA. In any case, both WLAN AP and STA should be able to calculate the Estimated Throughput metric for both downlink and uplink independently as according to R.7 equation defined in [2]. The WLAN AP calculates the Estimated Throughput metric for the downlink direction using most of the parameters generated by itself, except the RSSI that could be measured using the probe request frame or ACK frame transmitted by the STA [3]. This approach is also applied to the STA for calculating the Estimated Throughput metric for the uplink direction since most of the parameters in the ESP IE are also generated by the STA itself. Meanwhile, the WLAN AP calculates Estimated Throughput metric for the uplink direction using ESP IE in either probe request frame or probe response frame from the STA; and the STA calculates the Estimated Throughput metric for downlink direction using ESP IE in beacon frame or probe response frame from the WLAN AP. 

Observation 1: Estimated throughput defined by IEEE 802.11 can be calculated for both uplink and downlink either at the STA or at the AP independently.
The amount of interference measured at WLAN AP site or STA/UE site may be different due to hidden nodes problem as mentioned in [4]. Thus, RSSI + channel utilization measurements introduced for LAA has been proposed [4] as a means to enhance LWA operation. Channel utilization is the percentage of time that the AP sensed the medium was busy as indicated by either the physical or virtual carrier sense (CS) mechanism. ESP IE also contains estimated airtime fraction that can be used to predict the percentage of time that a STA will be allocated for data transmission. The calculated Estimated Throughput is based on the estimated airtime fraction found in the ESP IE. If the sensing is carried out by the STA and the calculation is done by the WLAN AP based on the estimated airtime fraction generated by the STA, then this should be able to solve the hidden node problem mentioned in [4].   
Observation 2: Estimated throughput is calculated based on the estimated airtime fraction and thus this has considered the hidden node problem.
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As discussed above, the Estimated Throughput calculation can be done at the WLAN AP site. So signaling via Xw interface is preferable compared to Uu interface since this can release the burden of signaling over LTE air interface. However, if this metric is required by the eNB for LWA activation and deactivation [5] before the WLAN association, signaling via Uu interface should instead be prioritized. This is to avoid the excessive processing load required by the WLAN AP to calculate the estimated throughput for all probing STAs (non-associated STAs sending the probe request frames). At the same time, this is also to reduce the size of WT STATUS REPORT message so that UE metrics for non-associated STAs are not included. But for scheduling decision and data forwarding for associated STAs, Xw interface can be used to signal this UE metric as proposed in draftCR [6]. Signaling via Xw interface can also considered the use of flow control based, i.e. DL DATA DELIVERY STATUS PDU [8].
Proposal 1: Estimated throughput over WLAN should be introduced as additional feedback metric since this metric can be applied to both pre-activation and post-activation phases of LWA [9].
Proposal 2: Signal via Uu or Xw interface for estimated throughput metric should be based on the UE WLAN association status.
3
Conclusions

In this contribution, we have further analysis on IEEE 802.11 Estimated Throughput as additional feedback metrics to estimate the WLAN capacity:
Observation 1: Estimated throughput defined by IEEE 802.11 can be calculated for both uplink and downlink either at the STA or at the AP independently.
Observation 2: Estimated throughput is calculated based on the estimated airtime fraction and thus this has considered the hidden node problem.
Based on our analyses, we have summarized our proposals as follow: 

Proposal 1: Estimated throughput over WLAN should be introduced as additional feedback metric since this metric can be applied to both pre-activation and post-activation phases of LWA.
Proposal 2: Signal via Uu or Xw interface for estimated throughput metric should be based on the UE WLAN association status.
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