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1 Introduction

As part of the ongoing study on radio interworking between 3GPP cellular networks and WLAN, one of the important issues to solve is how to perform access selection, i.e. when and how traffic can be remapped to WLAN because of load balancing and/or performance reasons. 

This contribution analyzes different alternatives in terms of advantages and disadvantages and suggests solutions to be used as baseline for further work within the scope of the 3GPP/WLAN radio interworking study item.
It is assumed that in the scope of the WLAN integration discussions the requirements captured in the TR [1] and those in [2] apply.
2 Solution approaches

2.1 Access selection based on UE autonomous behavior
In this approach, it is left up to the UE when/how to select WLAN access vs. 3GPP access and the UE is not assisted by the network with specific information meant to aid the UE decisions. The UE may however consider known information (at the UE) such as signal quality and WLAN HotSpot 2.0 parameters (BSS/WAN metrics).
As the UE behavior is UE specific by definition, the impact on the specification may be small with this approach, but on the other hand, the UE behavior may not be predictable as algorithms within the UE are typically not standardized.

Another drawback with this solution is that a single UE is only able to consider its own situation and conditions and hence cannot ensure that the decision provides better performance considering the whole UE population and network capacity. For example, the UE may connect to the RAT providing best signal strength but when considering overall system performance it should rather have connected to another RAT, and this will negatively impact the rest of system.

With this solution, a proper level of operator control cannot necessarily be ensured either: for example a cellular operator may have an agreement with 3rd party WLAN operators, but it is likely that the cellular operator would want to avoid offloading UEs to the third 3rd party WLAN unless their own network is heavily loaded.

Mass toggling, where many UEs are moving back and forth between 3GPP and WLAN, may also happen with this solution approach. Mass toggling will generate heavy signaling in the network. The users may also experience excessive delay and service interruptions due to switching between WLAN and 3GPP.

The above-described approach is applicable both to UEs in idle-mode and UEs in connected-mode.

2.2 Access selection based on network provided conditions 
This solution stems from the current 3GPP idle mode mobility mechanism and adapts it as needed to the WLAN case while keeping its core principles.

In this category of solutions, the 3GPP RAN signals to the UE a set of conditions and thresholds dictating when a UE shall connect to WLAN, e.g. when 3GPP signal strength below threshold3GPP and WLAN signal strength above thresholdWLAN.
It is possible with this solution to avoid that a UE is associating to WLAN when the 3GPP signal strength is good enough. The thresholds may be changed based on system state so that the likelihood of UEs moving to WLAN is greater if the need for offloading the 3GPP network is high. 
When it comes to how to make the UE aware of this information, it can be broadcast and/or unicast. This solution allows for having different settings in different cells.

One drawback with this solution is that the overall system performance cannot be ensured as there is no feedback from the UE to the network. For example if the conditions are fulfilled by two UEs, e.g. WLAN load fell below a certain threshold, both UEs will move to WLAN, but for overall system performance it might have been better if only one of the two had moved to WLAN. In case the two UEs, after moving to WLAN, see that the WLAN load has become high, they might end up relocating back to 3GPP. This means that mass toggling, which would generate heavy signaling in the network and degrade user performance, is also not prevented if this solution is applied alone.

The above-described approach is applicable both to UEs in idle-mode and UEs in connected-mode. Further characterization is discussed in [3].

2.3 Access selection based on traffic steering commands 
This solution stems from the current 3GPP connected mode mobility mechanism and adapts it to the WLAN case while keeping its core principles.
The 3GPP RAN configures the UE with a set of conditions (e.g. 3GPP signal strength below threshold3GPP and WLAN signal strength above thresholdWLAN) and upon fulfillment of these conditions, the UE sends a message to the 3GPP network including the results of the WLAN discovery. The 3GPP network can, based on the state of the system and the information reported in the message from the UE, tell the UE whether it shall connect to WLAN or not. Note that also with a traffic steering command based solution it would be possible that the network only requires the UE to scan for WLAN when there is a need to offload the UE to WLAN, hence the UE can save power when there is no need to offload it to WLAN.
So, compared to the previous approach (access selection based on network provided conditions), the assistance given to the UE by means of conditions is complemented with a feedback loop enabling the network to maximize performance both from the UE’s as well as overall system point of view.

Also, as the 3GPP network is now explicitly indicating to the UE when to move to WLAN, it is also able to efficiently release the concerned radio resources. 

The risk of toggling between 3GPP and WLAN is also minimized, because even if the offloading conditions are met by several UEs, the subsequent step represented by the feedback from the UE to the network would still allow the network to indicate that only a subset of UEs shall move to WLAN so as to ensure efficient load balancing.

If this level of control on the network side is not enabled, when the load balancing mechanism has distributed the UEs over the 3GPP RATs in an optimal way (i.e. the load balancing algorithm has converged) the UEs may disrupt it, by moving from/to WLAN, which can trigger another wave of UEs moving from/to WLAN, i.e. the system may become unstable.

With this solution it is also possible to improve the access network selection mechanism in the future by accounting for tuning and modifications of the network. Access selection solutions based on UE autonomous behavior cannot handle this, as typically networks are more flexible to be incrementally upgraded than terminals.

The above-described approach is applicable to UEs in connected-mode as it includes signaling between the RAN and the UEs. Further characterization is discussed in [4].
3 Conclusions and Proposals
A summary of observations from the section 2 is provided below, in particular how the solutions live up to the criteria explained in [2]. RAN2 is also kindly asked to discuss and agree on the observations.
Observation 1 Access selection solutions based on network provided conditions or on traffic steering commands are best suited at considering overall system performance comparing to access selection solutions based on UE autonomous behavior.

Observation 2 Access selection solutions based on network provided conditions or on traffic steering commands are best suited at considering predictability comparing to access selection solutions based on UE autonomous behavior.
Observation 3 Access selection solutions based on network provided conditions or on traffic steering commands enable optimization of UE power consumption due the reduced need for WLAN scanning.

Observation 4 Access selection solutions based on network provided conditions or on traffic steering commands enable differentiation of access selection decisions towards different WLANs while access selection based on UE autonomous behavior does not.

Observation 5 Access selection solutions based on traffic steering commands are best suited at considering system stability (avoiding mass toggling and maintaining convergence of load balancing mechanisms) comparing solutions based on network provided conditions or UE autonomous behavior.
And the subsequent conclusions:

Conclusion 1 Access selection solutions based on network provided conditions or on traffic steering commands have a number of advantages over solutions based on UE autonomous behavior when it comes to fulfilling the requirements for the 3GPP-WLAN radio interworking study item.

Conclusion 2 For connected mode, an access selection solution based on traffic steering commands is best suited to fulfill the requirements on the 3GPP/WLAN study item for Release 12.
Conclusion 3 For idle mode, an access selection solution based on traffic steering commands is best suited to fulfill the requirements on the 3GPP/WLAN study item for Release 12.

Based on the discussion and analysis put forward above, it is proposed:

Proposal 1 Add the contents of clause 2 and 3 to the technical report, in particular the different approaches and the related observations.
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