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1 Introduction
This submission is a revised version of our earlier contribution [1] submitted for RAN2#94.

One of the objectives of the WI on enhanced LWA [2] is to specify the following additional feature for LWA.

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)
Further, the eLWA WID also calls for “proactive cooperation and coordination between 3GPP and IEEE to allow LWA and 802.11 evolution to be more harmonious, further increasing the benefits of these technologies”.

In this contribution, we first identify the two broad scenarios where feedback can be potentially useful, discuss metrics that have already been discussed, and finally provide some views on which feedback metrics should be considered further for improving LWA performance.
2 Discussion
2.1 Usage Scenarios
We believe that there are two distinct usage scenarios that need to be considered when evaluating LWA feedback metrics as follows.
LWA configuration: This scenario refers to situations when the eNB needs to deal with LWA configuration such as configuring LWA bearers, modifying LWA bearers, releasing LWA bearers, deciding between split and switched options, specifying WLAN mobility sets, configuring WLAN measurements etc.
LWA scheduling: This scenario refers to situations when the eNB has configured LWA, and needs information to assist in scheduling (i.e., to decide which access, LTE or WLAN, is used to route downlink PDCP PDUs to the UE).
While some feedback metrics may be used in both scenario, the usage scenario will determine how often these metrics need to be reported and will help estimate the overhead associated with feedback.
Proposal 1: RAN2 is requested to consider the usage scenarios (configuration and scheduling) for the design of new LWA feedback metrics.
2.2 Comparison of Feedback Options
[bookmark: _GoBack]In Table 1, we provide an overview of feedback metrics that were proposed in RAN2 #94 and RAN2 #93BIS by different companies. For each metric, we identify the primary usage scenario, and provide comments on each metric:
Table 1: Summary of proposed feedback metrics
	Scenarios
	Feedback metric
	Proposing companies
	Comments

	Scheduling
	Channel occupancy
	NEC [3]
	Pros: Already supported by LAA capable UEs
Cons: Does not distinguish between WiFi and non-WiFi interference

	Scheduling
	MCS
	Qualcomm [4]
	Pros: Easy to provide
Cons: It may not always be descriptive of the actual link quality, which is also impacted by the channel load and interference.

	Scheduling
	Actual throughput
	Qualcomm [4]
	Pros: High accuracy
Cons: The accuracy of this metric will depend on the amount of data transmission on the WLAN link.

	Configuration
	Achievable throughput
	NEC [3], Intel [5]
	Pros: Available from IEEE
Cons: See discussion below

	Configuration
	WLAN bandwidth
	Intel [5]
	Pros: Easy to provide
Cons: Does not seem sufficient in itself, 802.11 version (11a, 11b, 11n, 11ac, etc.) should be considered as well

	Configuration
	ChannelUtilization
	LG [6], Ericsson [8]
	Pros: Can reduce frequency of unnecessary reporting 

	Configuration
	BackhaulBandwidth
	LG [6]
	Pros: can reduce frequency of unnecessary reporting 

	Configuration
	Interference mitigation
	ITRI [7]
	Interference should be considered because it has considerable impact on LWA performance

	Configuration
	UE location 
	CATT [9]
	Pros: Can reduce mobility set configuration latency
Cons: Raises privacy and user consent issues

	Configuration
	UE mobility state
	CATT [9]
	Pros: Can assist in reducing inter-mobility set transitions
Cons: Performance gain is unclear


Estimated throughput
From the above table, it appears that many companies feel that estimating thoughput is important and have suggested a number of metrics like channel occupancy, achievable throughput defined by IEEE, MCS, and measured throughput. We discuss these briefly below.
1. Channel occupancy: This metric is already defined in Release 13 as part of LAA WI. However, one difference between LAA and LWA is that WLAN PHY/MAC design is quite different from LAA. In particular, this metric cannot distinguish between WiFi and non-WiFi interference.
2. Achievable throughput defined by IEEE: Some companies have suggested that we should consider this metric provided by IEEE. However this metric serves from several drawbacks. First, it does not seem to consider the impact of interference from neighboring WLAN BSS. Second, it contains some parameters like Padjust (See Eqn. R-2 of [10])which depend on UE implementation leading to a situation where two UEs under the same radio conditions will evaluate the metric differently, which is undesirable.
3. MCS over WLAN: MCS can directly represent the instantaneous channel condition at that time. However, it might not provide a full description of link quality, which is also impacted by channel conditions and interference.
4. Measured throughput: The chief drawback of this metric is that it can only be measured when there is data transmitted over WLAN link. However, this metric informs end-to-end performance and in that sense is quite useful.
5. As many companies mention, interference has considerable impact on performance, and we should consider a mechanism to obtain the interference level over WLAN.
6. UE mobility and location: These metrics are proposed to lower the overhead associated with configuring WLAN mobility sets for UEs. There may be some benefit if the eNB can configure mobility sets without having to wait for measurement reports from all UEs. However, these metrics assume that the eNB is aware of the WLAN AP location, which appears to be unreasonable. Moreover automatic collection of UE location information raises user consent and privacy issues which need to be resolved if such metrics are deemed necessary.
Proposal 2: RAN2 should consider the pros and cons of different metrics discussed above.
Activation/deactication
Before enabling LWA, some information is needed to know/estimate the throughput that can be achieved from WLAN side:
1. Bandwidth: the throughtput boosting effect might be different when we use different bandwidth such as 20MHz (for 802.11g), 40MHz (for 802.11n), 80MHz and 160MHz (for 802.11ac). It would be useful to consider information like bandwidth or which 802.11 variant is being used.
2. As many companies mention, interference has considerable impact on performance, and we should consider a mechanism to obtain the interference level over WLAN. Currently there is not much interference information available except for WLAN measurement reporting of WLAN APs in mobility set. For example, UE can report beacon information received from non-serving WiFi APs, or summary statistics like number of WiFi APs in radio range.
Proposal 3: Bandwidth and, 802.11 version should be considered for feedback purposes. A metric to esimate interference levels should be considered as feedback information to improve LWA performance.
Measurement report triggering
Currently measurement events are triggered solely based on RSSI. However, RSSI is not quite reliable as observed in [6].
Proposal 4: Metrics (ChannelUtilization, Backhaul Rate, etc) other than RSSI should be considered when triggering measurement reports.
Periodic reporting 
In Release 13, RAN2 defined the new measurement events W1, W2, and W3 [11] to support the LWA, RCLWI, and LWIP features. Due to lack of time, the topic of periodic WLAN measurements was not discussed in Release 13 time frame. Accordingly, Release 13 specifications for the LWA feature only support event triggered and event triggered periodic WLAN measurements. However, for the purposes of scheduling, periodic WLAN measurements of the serving WLAN AP could be useful.
Proposal 5: The eLWA measurement reporting framework should support periodic WLAN measurements.
3 Conclusion
In this contribution, we discuss the usage scenarios for feedback metrics, and discuss metrics suggested by companies in the RAN2 #93BIS meeting. Finally we suggest some possible feedback enhancements for eLWA. Our proposals are summarized below.
Proposal 1: RAN2 is requested to consider the usage scenarios (configuration and scheduling) for the design of new LWA feedback metrics.
Proposal 2: RAN2 should consider the pros and cons of different metrics discussed above.
Proposal 3: Bandwidth and 802.11 version should be considered for feedback purposes. A metric to esimate interference levels should be considered as feedback information to improve LWA performance. 
Proposal 4: Metrics (ChannelUtilization, Backhaul Rate, etc) other than RSSI should be considered when triggering measurement reports.
Proposal 5: The eLWA measurement reporting framework should support periodic WLAN measurements.
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