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Abstract of the contribution: This contribution addresses solution for the Key Issue #4. 

Discussion

The mobile device connectivity manager typically assesses the quality of the target WLAN access point based on signal strength measurements, so, for the case where the WLAN radio is unloaded and the backhaul connection has adequate capacity, a good received signal strength typically translates into good user experience in terms of QoS.
However, for the case where the WLAN radio is loaded and/or the backhaul of the WLAN access point is congested, the mobile device might leave a ‘good’ connection e.g. cellular connection or another WLAN AP to switch to an unsuitable target WLAN AP. This is detrimental to the user experience.
HS2.0 allows the mobile device connectivity manager to gather information related to the BSS load and ANQP-WAN metrics information, which together with information on signal strength measurements and interference can be used to estimate whether a mobile device will get an adequate QoS on the target WLAN AP. 
Additionally, HS2.0 has recently introduced the policy for the minimum threshold of available backhaul (WAN) bandwidth at a hotspot network which permits to estimate the expected QoS on a target WLAN AP before switching the device to it. This will enhance the user experience significantly, especially in a scenario where WLAN is widely deployed and used. 
Proposal
	First Change


6.x
Solution #X: Load and QoS information for network selection

6.x.1 
Description
This solution addresses Key Issue # 4 – Use WLAN load Information for network selection. 

As described in Key Issue #4, the WFA Hotspot 2.0 specifications mandate an HS2.0 AP to support the BSS load information element (in the beacon) and the WAN metrics ANQP elements. The BSS load information element indicates the number of associated UEs on the BSS and also the percentage of time the channel was busy. The WAN metrics ANQP element contains information on the WAN link (backhaul) connecting the WLAN AP to the Internet. Information includes the status of the link (e.g. link up/down), transmission characteristics of the link in terms of uplink/downlink speed and also the current load status of the uplink and downlink.

UE should take into account the BSS Load and WAN metric parameters to avoid joining a WLAN network that may be overly congested with traffic and/or interference.

For WLAN network selection, a UE (also supporting 3GPP access technologies) should only preferentially select a WLAN AP from which it can receive an adequate service. The definition of an adequate service for the UE should be based on operator defined policy which can, for example, take into account user subscription information. 

There are several options to define operator policy that can characterise what an adequate service is for the UE. For example, HS2.0 specifications define operator policy in the form of BSS load information thresholds (channel utilisation) and thresholds for the available backhaul bandwidth which are parameters received from the WLAN AP.  If such policies are provisioned in the UE, the connectivity manager will preferentially select APs from WLAN networks that satisfy the minimum thresholds for BSS load and available backhaul bandwidth when available (assuming they also meet a minimum desired signal strength level). 

One main issue with this approach is that user experience depends on both the achievable air interface throughput and available backhaul throughput. For the achievable air interface throughput, the BSS load itself is not a direct measure of throughput since other parameters such as path loss and interference conditions should be taken into account. 
In the context of switching to/from a 3GPP network, it is important that UE only switches to the WLAN network if the user experience level will likely be better than the 3GPP network or at least the achievable throughput on the WLAN will be above a minimum desired level (e.g. as characterised by the user subscription information or the minimum service level expected on cellular). Once the UE has selected the WLAN AP, it can measure the achieved throughput in order to determine whether to stay on the WLAN AP or switch back to the 3GPP network.
Editor’s note: Switching back to the 3GPP network would be the default behaviour for the UE, but overload condition of the 3GPP would help to avoid ping pongs. Awareness of potential overload condition is FFS.
This leads to differentiating two throughput measures, in order to implement an operator policy based on throughput thresholds:

· Achievable Uplink and Downlink throughput using a WLAN AP. If the achievable UL/DL throughput by the UE is less than minimum acceptable levels indicated by operator policy, this implies that the connectivity manager should not connect the UE to the WLAN AP if cellular throughput level is adequate or other WLAN APs within the same or other WLAN networks are available that satisfy the minimum throughput levels.

· Achieved UL and DL throughput. If the UE is experiencing lower UL/DL throughput on the selected WLAN AP than the minimum acceptable level for a certain time period, the UE implementation should trigger a search for an alternate WLAN AP within the same or other WLAN network that satisfy the minimum throughput levels or switch back to Cellular.

Currently, ANDSF specifications do not include operator policies on minimum acceptable throughput thresholds available to the UE which would allow UE to intelligently use load information and WAN metrics information available from the relevant WLAN AP.
In order to provide such intelligence, the UE should be able to estimate the achievable throughput on the target WLAN AP as the minimum of the achievable air interface throughput and achievable backhaul throughput:

Achievable Throughput = min (achievable air i/f throughput, achievable backhaul throughput)

Where the Achievable air interface throughput will be a function of the air interface physical layer capability (which depends on UE and AP capabilities), BSS load information, received RSSI level for the AP and current interference levels. An implementation should be able to estimate what air interface throughput a UE can expect to get under such observed conditions.

UE should also be able to estimate the Achievable backhaul throughput considering ANQP WAN metrics information and additionally information from BSS load information element about number of associated UEs on the BSS. Information on number of associated UEs can, for example, be used to estimate the minimum fraction of the backhaul bandwidth a UE can expect to get assuming a fair usage policy of the backhaul bandwidth among all associated UEs even though the link is currently being over-utilised by an already admitted UE. The details of working out the achievable backhaul throughput are left to UE implementation. 
Once UE has selected an access technology, UE should be able to evaluate the achieved throughput on the selected access technology for an evaluation period (indicated as part of operator policy). In order to avoid ping-pong, the UE should stay for a minimum amount of time on the selected AP even if the desired service level is not met.
6.x.2
Impacts on existing nodes or functionality

The ANDSF provides information about inter-system mobility policy or information about available access networks in the vicinity of the UE (discovery information) or ISRP for the UE or combinations of these. 

The ANDSF MO needs to be extended in order to include additional policy in the form of minimum acceptable uplink and downlink throughput thresholds, used to compare with the achievable throughput measure which UE can derive from the available BSS load information and WAN metrics information from the WLAN AP, and below which the UE should not select the WLAN AP if other connection options are available e.g. 3GPP network or WLAN that can satisfy the minimum acceptable thresholds.
The UE should determine over the evaluation period if the achieved throughput on WLAN is below the throughput thresholds received as part of operator policy

The referred policy should be included as part of the ANDSF MO by extending the ISMP and ISRP rule(s) so that the UE shall evaluate whether the rule applies in the given WLAN location by considering the  validity information. In addition, the UE shall only consider an access network as valid if the conditions outlined in the new threshold policy are met.
The details of the thresholds policy, i.e. node, leaf, etc, will be defined in stage 3.
6.x.3
Evaluation
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