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1 Introduction

RAN #58 approved the study item on WLAN/3GPP Radio Interworking [1].
In this paper we first discuss aspects concerning a suitable framework for the study, and then proceed to discuss some of the high-level technical areas of relevance to this work.
2 Background
The continued and rapid rise in wireless data demand reinforces the need for smooth operation across constituent radio technologies and the prevalence of IEEE 802.11 as an existing small-cell WLAN technology clearly offers a key component of the overall capacity solution.

Interworking between cellular networks and WLAN has been extensively investigated for a number of years, and numerous features have been standardized at different layers and across different functional entities within the overall system.  These have touched upon a broad spectrum of technical aspects involving for example, routing, network selection, mobility, security and authentication.  This work has been undertaken not only within 3GPP but also by external standardisation bodies.
In addition to standardised functionality, the popularity of Wi-Fi has also led to some device and service implementations that help to deliver consistency of connectivity and user experience whilst the underlying radio technology may itself be changing between WLAN and cellular.
Although numerous interworking features have already been incorporated into standards, there is a degree of fragmentation and it is felt that consolidation of these towards a unified industry solution would certainly help increase scale of adoption and deployment [2].  Efforts in this direction are underway in 3GPP, GSMA and IEEE 802.11/WFA. 
However, when considering closer interworking between 3GPP and WLAN at the radio level, it is important not only to also respect their historical origins and differences, but also to ensure that any further improvements are compatible with system-level architectures and functionality that either have already been developed or are currently under development in other groups.  In particular, it is clearly important to avoid the introduction of functionality in the radio access network which duplicates or conflicts with existing functionality in the core network, and vice versa.  Co-ordination with SA1 and SA2 on some of these aspects may therefore be necessary, also bearing in mind that work in related areas is on-going in certain Rel-12 WI/SI.
3 Framework and Process

Considering the background outlined in section 2, the study item will need to establish processes to:

Table 1
	Study Objectives

	1
	Understand the system-level requirements for the work

	2
	Agree upon reference network / deployment architecture(s) 

	3
	Review and summarise functionality currently available in relevant technical areas:

· E.g. Network selection, mobility, load balancing etc…

	4
	Identify a clear set of problems that are not solvable using the identified existing functionality

	5
	Determine and document potential enhancements


Items 1 to 4 correspond to phase 1 of the approved Study Item Description whilst item 5 corresponds to phase 2.  These items (or variations of these) would also seem to provide a reasonable outline structure for a TR.  We would therefore make the following proposal:
Proposal 1:  Capture the study objectives of Table 1 within a suitable TR outline
4 Phase 1: Scenarios and Requirements

In the first phase of this study, operational scenarios are to be clarified and requirements for RAN level interworking identified. 

The WID lists three issues that should be taken into account to improve WLAN interworking. Although these probably do not define the problem space exhaustively, they nevertheless provide an excellent starting point for the discussion of deployment scenarios, performance requirements and observed performance deficiencies. Further discussion of these follows in sections 4.1, 4.2, and 4.3.
In addition, Phase 1 includes identification of scenarios of interest, and Phases 1 or 2 may also require some evaluation.  These aspects are briefly discussed in sections 4.4 and 4.5 respectively.
4.1 Utilization of operator deployed WLANs 
In the WID [1] and in [3] it is stated that WLANs deployed and controlled by cellular operators are often under-utilized.  One potential reason for this issue, according to [3], is the inefficiencies in WLAN discovery procedures. Other sources indicate that WLAN offload also seems to depend on human factors, e.g. how technically-savvy users are.  Furthermore, users may, for various reasons, deliberately select a WLAN that is not deployed and controlled by a cellular operator even if an operator deployed network would be available.  Thus, there may be diverse reasons as to why particular WLANs are sometimes under-utilized.  Some of these might not be radio related, or relevant to standardization, at all.  The issues that fall into RAN2’s scope need to be identified and the extent to which RAN-based solutions are able to address the overall problem should be considered. 
In order for RAN2 to be able to assess the exact nature of the radio related problems and to define potential mechanisms for improvement, further input (preferably from cellular operators experiencing such an issue) would be highly valuable. 
Proposal 2:  Seek input from operators on the real-world causes for WLAN under-utilization and identify any radio-related issues.
4.2 WLAN load
Another area of concern is the preservation of perceived quality of service (in general terms) when the UE connects to a WLAN. If the load of the WLAN is so high that this transition from the cellular network to the WLAN results in degradation of perceived quality of service, the affected user may consider this scenario as suboptimal. 

It may be the case that the provision of reliable traffic load information, including information about the backhaul load of the WLAN, is appropriate.  The relevance, accuracy and usefulness of such information (including any that may already be available) should be investigated.  Mechanisms to disseminate this information to cellular network entities (and also whether this is necessary) may depend on a particular network architecture. 

Proposal 3:  Investigate the relevance, accuracy and usefulness of WLAN load information.

4.3 UE power consumption
Optimization of UE battery consumption in a stand-alone WLAN mode of operation is out of the scope of this study.  However, inefficient use of UE battery resources when scanning for or selecting a WLAN is stated as an issue for improvement.  More generally, it would seem that the aim is to help reduce UE battery consumption wherever feasible in the interworking scenario (however so achieved).  It should be noted that any enhancements apply for operator controlled WLAN and procedures concerned with discovery and network selection for non-operator-controlled WLAN may therefore not benefit from the derived solutions.
Proposal 4: Capture in more detail the requirements for battery efficient operation in interworking scenarios.
4.4 Architecture reference models
One of the Study Item objectives is to “clarify the scenarios to be considered in the study”.  At the core network level, different architecture reference models for 3GPP/WLAN interworking are already defined [4].  An important question to resolve is whether this study on radio-level interworking aims to deliver improvements for all these models.  It seems likely that some of them are of a higher importance than others and should thus be prioritized during the study.  Restricting the number of architecture models to a small number (preferably 1) would also help to focus the remainder of the work.  

Such a restriction may of course not be needed if the radio aspects are sufficiently common to all possible relevant models, but this needs to be considered at an early stage of the study (and may itself not be known until the radio aspects are better understood).  Depending on the selected architecture reference model(s) to investigate, different network entities in both the cellular network and the WLAN may need to communicate and potentially coordinate their actions.  This may imply changes to the WLAN entities which are outside the scope of this study.
Proposal 5: If possible, attempt to restrict the number of reference architecture models to be used during the study to a small value (e.g. 1).

4.5 Evaluation
In order to enable a fair and quantitative evaluation of proposed improvements (in the second phase of the study), performance metrics should be defined (e.g. in the first phase) as soon as possible. Which metrics are most suitable should be discussed further in RAN2.
Proposal 6: Define performance metrics for evaluation of proposed methods.
5 Conclusion
In this paper we outlined aspects concerning a suitable framework for the study, and some of the high-level technical areas of relevance to this work. 
We would like RAN2 to agree the following proposals:
Proposal 1:  Capture the study objectives of Table 1 within a suitable TR outline 

Proposal 2:  Seek input from operators on the causes for WLAN under-utilization and identify the radio-related issues.

Proposal 3:  Investigate the relevance, accuracy and usefulness of available WLAN load information.
Proposal 4:  Capture in more detail the requirements for battery efficient operation in interworking scenarios.

Proposal 5:  If possible, attempt to restrict the number of reference architecture models to be used during the study to a small value (e.g. 1).

Proposal 6:  Define performance metrics for evaluation of proposed methods.
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