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[bookmark: _Ref165266342]Introduction
The WLAN interworking study item [1] has the goal of enabling RAN level interworking between 3GPP and WLAN networks. In particular the goals include:
· Enable inclusion of WLAN resources in the operators RRM procedures.
· Enhance access network selection based on radio link quality, backhaul quality, load etc for WLAN.
Three types of solutions have been identified [2]. These focus primarily on the architectural aspects (i.e., which node controls the steering of traffic and selection of access network, and which node provides assistance information, if any).
Solution 1: RAN provides assistance to the UE to pick appropriate access network.
Solution 2: RAN provides access network selection parameters to pick appropriate access network.
Solution 3: RAN controls traffic steering (potentially based on WLAN measurements).
Regardless of the type of solution chosen, it is necessary to use information that is indicative of radio and loading conditions at the WLAN AP in deciding which access network to choose. This contribution considers the parameters that could be used and discusses their suitability.
Discussion
The goal is to have the UE pick a WLAN AP that is able to handle the offload traffic. The AP that is selected has to satisfy the data rate and QoS requirements. This is in addition to relieving the RAN of some traffic and freeing up RAN resources.
The offloading may present a choice to the 3GPP network: traffic could be offloaded from a macro cell to a small cell or it could be offloaded from a macro cell to a WLAN. If the offload is to small cells, the current procedures are considered adequate. That is, there are mechanisms to estimate how well a cell can support the traffic that is to be offloaded. When there are multiple candidate small cells, the UE and the RAN (with information from the UE) can assess which small cells are able to support the offloaded traffic. For example, RSRP and RSRQ measurements can be used to compare LTE small cells to each other and to macro cells.
If the offload is from a macro cell to a WLAN, there currently are no mechanisms for a 3GPP RAN to determine whether a WLAN can support traffic that is to be offloaded. In particular, there are no mechanisms to compare different WLANs and decide which one can support a particular data stream better. There also are no mechanisms to compare 3GPP cells to WLANs to determine for example whether a WLAN can support a data stream better than a small cell, at a given time.
Choice of a suitable WLAN would need to be based on radio and loading conditions. Broadly two directions are possible:
1. RAN (somehow) knows the radio and loading conditions and guides UE based on this information.
2. UE knows the radio and loading conditions and supplements any assistance provided by RAN with this information.
For either direction it is necessary to identify potential parameters that can be used for the decision. Below we consider various metrics that could be potentially used and discuss the pros and cons of using them.
1. RSSI
RSSI is typically used by WLAN STAs to determine the best WLAN AP to associate with. RSSI is determined by simply measuring energy on the channel and may not be a good indication of the strength of the signal from the AP, as the measurement may include energy from transmissions of other devices. The STA could perform RSSI measurements on just known transmissions of the AP (e.g., beacon transmissions). However, it is not possible to estimate load on the channel based on the RSSI measured.
Observation 1: RSSI may not be adequate as a metric to determine suitability of AP for offload purposes.
2. Backhaul load
The backhaul capacity often limits the data rates achievable on devices. When the backhaul of a WLAN is overloaded, it should not be a candidate for offload. Consequently, backhaul load and capacity can be a useful factor in determining which WLAN APs should be considered for offload. 
However, the backhaul load does not provide an indication of the radio conditions that the STA will experience if it associates with the WLAN and what data rates can be achieved on the air interface. Thus, if the STA has two candidate WLANs, the first with low backhaul load and a poor radio link to the STA, and the second with a high backhaul load and a good radio link to the STA, the backhaul load is not sufficient to perform a selection.
Observation 2: Backhaul load and capacity may be useful factors in determining which WLAN AP should be considered for offload; however they may not be sufficient.
3. Number of associated devices
The number of devices associated to a WLAN AP is a coarse indication of the potential loading on the WLAN. However, a majority of the devices are associated with APs and remain in power save mode for majority of the time. Thus the number of associated devices is not likely to be a good reflection of the air interface load or the backhaul load.
Observation 3: The number of associated devices may not be a useful factor in determining which APs are suitable for offload.
4. Channel Resource Utilization
The Channel resource utilization is a metric defined in IEEE 802.11. It is basically the ratio of the time durations when the channel is busy (i.e., time durations of transmissions on the channel) to the total time duration. It is a metric that can be advertised by the AP; however, if the AP does not advertise it (and most APs are not likely to), the STA may be able to compute this on its own by observing the channel. The channel utilization is a useful measure of the air interface load and also the backhaul load (because incoming traffic over the backhaul would then cause air interface traffic).
However, since 802.11is based on a carrier sense mechanism, the channel utilization metric defined may not be entirely representative of the loading conditions. STAs transmitting are required to obey specific rules regarding inter-frame spacings while performing transmissions. There are no transmissions on the channel during the inter-frame spacing durations. For example, transmissions by two different devices have to be separated by a DCF inter-frame spacing (DIFS) period. And transmissions of successive fragments of a packet by an STA have to be separated by Short inter-frame spacing (SIFS) period. The DIFS period is considerably longer than the SIFS. Thus, if one STA is transmitting consecutive packets, it can make the channel seem very busy due to the inter-frame spacings being pre-dominantly SIFS. If on the other hand there are multiple STAs transmitting a substantial amount of data, the channel would seem less busy than the one STA case, because the inter-frame spacings are pre-dominantly DIFS.
Observation 4: Channel resource utilization needs to be studied further for use as a metric to determine WLAN APs that are suitable for offload. 
5. Throughput 
In general, it is useful to know the throughput that is achievable through a WLAN AP. However, determining the achievable throughput requires the STA associating with the cell and actually performing transmissions and receptions (i.e., the STA would have to do a “throughput test”). Performing a throughput test to determine suitability of APs for offloading can be counter-productive, if it is even possible. The throughput test can add significant load to the WLAN and impact user experience for other devices associated with the AP. Moreover, if there are multiple WLAN candidates, throughput testing each of them can be time consuming.
The Channel state information (CSI) and MCS feedback information on the WLAN air interface can be used as a real time predictor of achievable data rates. These measurements are used for determining the MCS and other parameters when performing transmissions on the WLAN channel. CSI and MCS information that is averaged could be a useful measure of achievable data rate on the WLAN channel. However one challenge would be to obtain the measurements without actually associating with the AP. Furthermore, in order to be able to compare the achievable data rates on a WLAN AP to what can be achieved via a candidate small cell, it may also be necessary to map the WLAN CSI and MCS information to their LTE equivalents.
Observation 5: Throughput testing by performing transmissions on the candidate WLANs is not a desirable approach. Estimating achievable throughput by other means could be considered.
Summary
Regardless of which type of solution is used to enable RAN level interworking between 3GPP networks and WLANs, it is necessary to identify metrics that can be used to determine suitability of WLAN APs for offload purposes. 
The following are our observations with respect to the different metrics considered above:
Observation 1: RSSI may not be adequate as a metric to determine suitability of AP for offload purposes.
Observation 2: Backhaul load and capacity may be useful factors in determining which WLAN AP should be considered for offload; however they may not be sufficient.
Observation 3: The number of associated devices may not be a useful factor in determining which APs are suitable for offload.
Observation 4: Channel resource utilization needs to be studied further for use as a metric to determine WLAN APs that are suitable for offload.
Observation 5: Throughput testing by performing transmissions on the candidate WLANs is not a desirable approach. Estimating achievable throughput by other means could be considered.
We propose that the above observations be captured in the TR along with any necessary background. 
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