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Discussion and decision
1 Introduction

At the last 3GPP TSG RAN #58 meeting, it was approved that 3GPP-WLAN radio interworking was a new Study Item for 3GPP Release 12 [1]. The first phase of objectives is copied as follows. 

Identify the requirements for RAN level interworking, and clarify the scenarios to be considered in the study while taking into account existing standardized mechanisms.

This contribution intends to discuss the deployment scenarios and analyse the possible areas to study for 3GPP-WLAN radio interworking. 
2 Target scenarios
2.1 Deployment 

As stated in the SI [1], the 3GPP-WLAN radio interworking shall cover both co-located and non-co-located H(e)NBs/eNBs/NBs and WLAN APs. Fig. 1 presents the basic deployment scenarios, where eNB1 (NB1) incorporates WLAN AP functions in order to reduce the cost on installation sites, backhauling as well as the maintenance, while WLAN AP1 is independently deployed. 
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Fig. 1 deployment scenarios of 3GPP-WLAN interworking
Also, a WLAN network can be deployed under the coverage of more than one overlaid 3GPP cellular cells in order to boost the capacity of cellular network. For example, as shown in Figure 1, WLAN AP2 is deployed under the coverage of eNB1(NB1) and eNB2(NB2). 
These WLAN networks can be deployed by cellular operators and their partners. It is also possible that WLAN network is shared among multi-operators. Furthermore, 3GPP-WLAN radio interworking should consider both sparse and dense WLAN network deployment. In some scenarios e.g. indoor places, single or small number of WLAN APs are deployed. While in some scenarios e.g. large shopping mall, a large number of WLAN APs are deployed to provide high traffic requirements. The smooth scalability e.g. from spare deployment to dense WLAN deployment could be considered in the study. 

2.2 Traffic characteristics
In a 3GPP-WLAN deployment, it is likely that the traffic is very fluctuating and varies as time elapses between 3GPP network and WLAN network. Also the user distribution is non-uniform under the coverage of 3GPP network and WLAN network. 

In a 3GPP-WLAN deployment, it is likely that diverse data applications simultaneously transmitted and communicated and such applications can be QoS sensitive (e.g. IMS VoIP) or Best effect (e.g. ftp downloading etc.). Different applications have different traffic characteristics and QoS requirements. For example, VoIP is bursty with low delay and jitter in nature, while VoD requires high bandwidth, especially compared with conventional Internet data traffic. However, the link quality of WLAN may change very quickly, for instance, due to the interference over the unlicensed spectrum. Thus it is very important to manage and prioritize the applications transported over the WLAN based on QoS requirement as well as the WLAN link quality and could be considered in the study.
3 Possible areas to study 
3.1 WLAN discovery and selection
The ANDSF framework developed by 3GPP enables the operator to specify policies regarding how to prioritize, select and use the discovered Wi-Fi Hotspots. However, these policies may just be based on some basic information of preferred WLAN network, such as location, time-of-day, subscription level, types of application etc. The availability status of the WLAN, e.g. load status, interference status and radio link quality etc has some scalability issue (e.g. in the case of dense WLAN deployment as observed in Section 2.1). It may cause bad user experience if availability status of WLAN is not taken into consideration. For example, the AP may not provide much throughput if the Wi-Fi signal strength is weak. Even if the signal of the Wi-Fi AP is strong enough, there may be excessive interference from other devices due to the un-licensed spectrum of Wi-Fi, which results in very limited available throughput. Furthermore, if there are already many UEs accessing via Wi-Fi, the AP may be heavily overloaded to provide enough radio resource to the WLAN UE.
In order to provide better experience to a WLAN capable UE when it connects to a WLAN network, it is necessary to take the availability of WLAN network (e.g. link quality, load status, available backhaul data rate/throughput, available HW resources etc) into account when doing the access network selection. Hence the acquiring and dissemination of the availability status of WLAN network should be investigated. 
In addition, unnecessary WLAN scanning may drain UE battery quickly, particularly in the cases when ANDSF does not know the availability status of the WLAN networks. Therefore, how 3GPP network can assist in UE power saving on WLAN AP discovery should also be investigated in the study. 
Proposal 1: The need of availability status of WLAN network (e.g. link quality, load status, available backhaul data rate/throughput, available HW resources etc) for WLAN network access and selection should be investigated. 
Proposal 2: How 3GPP network can assist in UE power saving on WLAN AP discovery should also be studied. 
3.2 Mobility
In TS23.402 [2, Section 8.2], there are various UE based procedures for handover between 3GPP access and non-3GPP access. Their basic concept is that the UE is provided with the inter-system mobility policy and access network information and will use them to discover most preferred access network. Once a preferred access network is discovered, it will attempt to attach to the preferred access network. In the case where UE is capable of routing IP traffic simultaneously over multiple radio access, a UE can at the same time connect to both 3GPP and WLAN and can route the traffic based on the filter rules in the inter-system routing policy provided by the ANDSF. 
In some cases (e.g. overloaded 3GPP network , QoS of RAB cannot be achieved due to 3GPP load level etc.), 3GPP network may want to be able to trigger a handover or route a IP traffic to WLAN network. A dynamic 3GPP access triggered handover/routing from 3GPP to WLAN may be beneficial and can be studied. Hence it is proposed:
Proposal 3: Dynamic 3GPP access triggered inter-system mobility/routing from 3GPP access to WLAN should be studied.  
3.3 Load balancing
The load balancing between cellular network and WLAN network should be considered. When the traffic load of 3GPP network is high, the cellular network can offload its traffics to the overlaying WLAN networks with low or medium load but not to those already congested. Therefore, it should study how 3GPP access can acquire instant capacity/load information (traffic load, available capacity, backhauling capacity etc.) of the overlaying WLAN networks for offload purpose. 
Proposal 4: Load balancing between 3GPP network and WLAN network should be considered. 
3.4 Energy efficiency
For energy saving purpose, particularly in a dense WLAN deployment scenario, a WLAN AP should be capable of switching off e.g. when the overall load is low and switching on e.g. when 3GPP network load is high.  The interactions between the 3GPP network and its neighbouring WLAN access should be studied.
Proposal 5: Interaction between the 3GPP network and WLAN access should be studied for efficient WLAN AP switching off/on for energy saving purpose.

4 Network Architecture
The EUTRA-WLAN and UTRA-WLAN interworking architecture should be able to achieve the WLAN network discovery and selection, mobility, load balancing and energy saving performance as described above.
As stated in 3.1, 3.2, 3.3 and 3.4, some information may need to be exchanged between the cellular network and the WLAN, for example, the WLAN traffic load, available bandwidth, backhaul quality etc. There are several ways to exchange such availability status. Firstly, the information could be forwarded between the RAN and WLAN via the core network. It does not introduce any overhead or impact to the air interface and the UEs. However, the core network must be upgraded, and the WLAN AP also needs to support it. The second way is to exchange the information via the UE. Here, the impact is mainly on the specification of both air interfaces and the core network would not be affected. The last possible way is to have a direct interface between the WLAN and the RAN over the backhaul to transport the related information. There would be not any impact to the air interfaces as well as the core network. However, the specification complexity and the standard effort need to be evaluated.
Taking an existing E-UTRAN architecture and smooth deployment into consideration, all the potential solutions need to be analyzed further from the aspects of the complexity and the cost of upgrading the already deployed EUTRAN and WLAN. 

5 Conclusions
It is proposed to agree on the following high level requirements for the 3GPP-WLAN radio interworking. 

Proposal 1: The need of availability status of WLAN network (e.g. link quality, load status, available backhaul data rate/throughput, available HW resources etc) for WLAN network access and selection should be investigated. 
Proposal 2: How 3GPP network can assist in UE power saving on WLAN AP discovery should also be studied.
Proposal 3: Dynamic 3GPP access triggered inter-system mobility/routing from 3GPP access to WLAN should be studied.  
Proposal 4: Load balancing between 3GPP network and WLAN network should be considered. 
Proposal 5: Interaction between the 3GPP network and WLAN access should be studied for efficient WLAN AP switching off/on for energy saving purpose.
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