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1 Introduction
To cope with the expected growth of wireless data traffic some operators are looking to WLAN, or WiFi, as a means to offload their 3GPP network traffic as well as boost user throughput. However, without proper access network selection, users might keep getting offloaded to WLAN even when the 3GPP network is providing much better service, for example a user passing by a café with an open WLAN network may experience a quality degradation if switching to WLAN. Repeated experience like this might even make some users to disable the WLAN access in their devices most of the time and instead solely rely on 3GPP access, which may result in under-utilized WLAN networks. 
To ensure effective use of WLAN as a means to offload the 3GPP network traffic and boost user throughput, a Rel-12 study item on WLAN/3GPP Radio interworking has been approved [1]. This study item focuses on bringing forth features and enhancements that may allow better user experience, operator control, better network utilization as well as reduced OPEX. Solutions for enhanced access network selection between WLAN and 3GPP are brought up in the study item description as one of the expected outcomes. The study item has been divided into two phases. During the first phase scenarios and requirements shall be identified. Solutions should then be identified and evaluated in the second phase. Ongoing SA2 WLAN related study items and potential core network impact of the above enhancements shall be taken into account.
In this contribution, we present some challenges regarding the behaviour of current WLAN capable terminals in relation to access network selection. We also present features available in the existing 3GPP core network standards. We further present our view on which scenarios should be considered for this study item as well as requirements on the solutions.

2 Scenario 

The focus scenario is WLAN deployed and controlled by operators and their partners so as to offload their 3GPP networks.
 Both WLAN nodes collocated with a 3GPP node and WLAN nodes non-collocated with 3GPP nodes are featured in the scenario. There can be several WLAN access points within the coverage of a single 3GPP cell. Figure 1 shows the focus scenario.
Charging for traffic carried over WLAN may apply and is assumed to be controlled by the operator.
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Figure 1: Focus scenario for the study item

The load of a node will vary over time, as both the number of associated terminals to the node as well as that the load generated by each associated terminal can change over time. Load is an important factor to consider when selecting which cell a terminal shall select for carrying its traffic and we therefore propose to consider load situations as those in Table 1.

Table 1 : Proposed load situations.
	
	WLAN load
	3GPP load

	Load situation A
	High
	Low

	Load situation B
	Low
	High

	Load situation C
	Similar


3 Current Situation
3.1 Challenges
A majority of current WLAN capable terminals have a simple access network selection mechanism where, given that WLAN is enabled, they always connect to WLAN given that the signal strength from an access point exceeds a certain threshold, and all data traffic will be steered over WLAN. The terminal’s potential Quality of Experience from the 3GPP network is disregarded and the terminal connects to WLAN even if it would have been better to stay connected to the 3GPP access network for both the particular terminal and the terminal population as a whole.

There are several drawbacks of the lack of proper integration between 3GPP and WLAN: 
· Though the terminal may save previous pass codes for already accessed WLAN access points, user intervention is usually required (for example, by using a web interface) which may discourage users to enable WLAN in their terminals.

· No consideration to user experience is made in the access network selection aside from ensuring that the WLAN signal strength exceeds a certain threshold. Important parameters such as load, backhaul capacity, relative signals strength etc. of the 3GPP and WLAN networks are not considered. Terminals may therefore be switch over from a 3GPP node with low load and good backhaul to a WLAN node with high load and poor backhaul. Figure 2 shows some example factors which affect user experience.
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Figure 2: Example factors affecting user experience.

· Interruptions of ongoing services can occur due to the change of IP address when the UE switches from one access network to another, see Figure 3. For example, a user that has started a service while connected to a 3GPP network might experience a session drop when switching to WLAN, and vice versa.

[image: image4]
Figure 3: IP address change due to a change between 3GPP and WLAN

· UE mobility is not considered. Due to this, a fast moving UE may switch to a WLAN access point, just to return to 3GPP shortly after, see Figure 4. This is especially challenging in scenarios where a user is moving through an area with multiple WLAN access points. Such terminal would experience service interruptions as well as generating unnecessary signaling (e.g. towards authentication servers).

[image: image5]
Figure 4: Terminal mobility example
3.2 Existing mechanisms
There has been work ongoing in other 3GPP working groups, such as SA2, and within the WiFi Alliance (WFA) standardization group related to WLAN/3GPP interworking that has to a certain extent addressed some of the issues in Section 3.1.[3]-[8]. 
Existing 3GPP and WFA HotSpot 2.0 standards [2] enable detection of WLAN access point connected to a PLMN and seamless authentication via such WLAN access point using mechanisms such as EAP-SIM and EAP-AKA[3]. With these mechanisms, user intervention is not required to connect to an operator controlled WLAN access point.

Existing 3GPP standardized solutions also enable a terminal to preserve IP address when moving between 3GPP access and non-trusted WLAN access. SA2 works on a solution to preserve the IP address when moving between 3GPP access and trusted WLAN access, as part of the Rel-12 SaMOG WID [4].
Another area covered by the 3GPP standard is Access Network Discovery and Selection Function (ANDSF), which enables some access network selection [5]. The ANDSF policies can indicate to the UE whether to switch all the packet data services or only a particular (set of) service(s) towards a WLAN access or 3GPP access. Furthermore, the ongoing Rel-12 work in [6] on ANDSF plan to provide policies taking into account the HotSpot 2.0 specifications allowing consideration of WLAN access point load as well as the WLAN access point backhaul link bitrate and load to prevent the UE from associate with highly loaded WLAN networks. 
4 Requirements

As stated in Section 3.2, the 3GPP core network and WFA HotSpot 2.0 already alleviate the need for user intervention via automated authentication. Also, IP address preservation as well as IP session continuity has been addressed by other 3GPP standardization groups. Thus, these two issues (user intervention and session continuity) should not be the focus of this study item.
Proposal 1 IP address preservation and automated authentication can be assumed in this study.
When it comes to proper access network selection, ANDSF provides some support as discussed above. However, ANDSF mechanisms have several limitations such as:

· ANDSF policies are semi-static and not suitable for dynamic control (i.e. policies are sent from the core network via higher layer applications; hence policy updating takes long time and have rather high signalling overhead).

· 3GPP RAN aspects, such as signal levels, radio interface load, backhaul load, currently enabled features, etc. are not considered.

· WLAN radio conditions not considered.
Therefore, access network selection should be the main focus of this study item and the main requirements on the solutions for proper access network selection are discussed below.
Proposal 2 The study item shall focus on access network selection.
4.1.1 Improved performance 
A main requirement for the WLAN/3GPP RAN Radio interworking solutions is that improved user experience should be achieved compared to currently specified solutions. User experience here means a combination of several aspects such as user throughput, latency, service access delay, battery consumption, service interruption time, etc. The user experience of the whole user population should be considered in both WLAN and 3GPP. Network performance aspects such as capacity, signalling load and power consumption/energy savings should also be considered.
Proposal 3 Solutions should consider performance from both a user experience and network performance perspective.
4.1.2 Dynamic and individual user control

Solutions should allow terminal behaviour dependent on network (both 3GPP and WLAN) parameters such as load, enabled network features, backhaul capacity, etc. as these parameters can change dynamically. For example, the 3GPP network can dynamically change the number of active carriers and this may also change the wanted terminal behaviour. 

Solutions should make it possible to control individual terminals, so that both network level and user level optimization could be considered. Mass toggling, where many terminals are switching back and forth between WLAN/3GPP simultaneously, also needs to be avoided. This could, for example, happen when the 3GPP load is low and WLAN load is high and hence many terminals move from WLAN to 3GPP and increasing the 3GPP load and the terminals may therefore move back to WLAN.
Proposal 4 Solutions should be able to dynamically control individual terminals.
4.1.3 Support for IDLE UEs

Proper access network selection should also apply to a terminal which is in IDLE mode in 3GPP, in order to ensure that the terminal will connect to the access network providing best performance, when data transmission/reception starts.
Proposal 5 The access network selection should apply also for UEs in 3GPP IDLE mode.
4.1.4 Terminal architecture design

The terminals are assumed to have dual radio, one for WLAN and the other for 3GPP. Some terminal implementation freedom should be allowed and we cannot assume a split of bearers at lower layers between WLAN and 3GPP, like in Carrier Aggregation. However, depending on solution, some internal communication between the two entities might be necessary.
Proposal 6 Solutions should not require a split of bearers between WLAN and 3GPP.
4.1.5 No changes to the IEEE 802.11 standards

As this study is being undertaken by 3GPP, new requirements and modifications to the WLAN specifications can therefore not be assumed. It is further not assumed any new standardized interface between the 3GPP network and the WLAN network.
Proposal 7 Solutions should not require changes to IEEE 802.11 standards.

Proposal 8 Solutions should not require any new standardized interface between 3GPP and WLAN networks.
4.1.6 Support for both ANDSF and non-ANDSF

As discussed in Section 3.2, ANDSF enables some level of support for 3GPP/WLAN interworking. However, it should not be assumed that ANDSF is always available in implementations (terminal and/or network), and the proposed solutions should also work in cases where ANDSF is not supported (either by the network or the terminal). In cases where ANDSF is supported, ANDSF may complement the solutions.
Proposal 9 Solutions should not depend on support for ANDSF.
5 Summary
In this contribution we have discussed challenges and opportunities with regards to WLAN and 3GPP interworking. Drawbacks with current terminal behaviour have been illustrated. Solutions currently available in 3GPP were described along with their shortcomings. 
With regard to scenarios, we would like to stress the fact that the focus in this study item should be on WLAN deployed and controlled by operators or their partners, i.e. other scenarios such as user or 3rd party deployed WLAN are out of scope. 

The following requirement areas are also proposed that could be used to evaluate and assess solutions for WLAN and 3GPP Radio interworking:

· Improved performance

· Dynamic and individual user control

· Support for IDLE mode UEs
· No requirements on:

· Split of a bearer between 3GPP and WLAN
· Changes to the IEEE 802.11 standards

· Standardized interface between 3GPP access network and WLAN
· ANDSF support
Proposal 10 RAN2 to capture the above scenarios and requirements in the TR.
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�  Scenarios with WiFi networks deployed and controlled by others than the operators or their partners are not considered in this study item. It is assumed that the user will be more involved in the access network selection in those scenarios and we see it as an implementation issue how this is handled. 
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