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Discussion
1 Introduction
This papers attempts to define the work scope of SI 3GPP-WLAN RAN interworking[1] and to propose the target scenarios, from RAN2 point of view.  
2 Discussion
Before discussing the proper work scope and target scenarios of 3GPP-WLAN RAN interworking SI, we simply overview network architecture for 3GPP-WLAN interworking and mobility procedure from LTE to WLAN as an example, in the following sections. 
2.1 Network architecture for 3GPP-WLAN interworking 
Currently the 3GPP-WLAN interworking can be performed only at core network level. The Figure1 shows simplified network architecture for interworking between 3GPP network and non-3GPP access network, where LTE and WLAN are taken as examples for 3GPP and non-3GPP network respectively.  
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Figure1. Simplified network architecture for LTE-WLAN interworking 
Before sketching out what scenarios/requirements can be considered for RAN level 3GPP-WLAN interworking, it is useful to understand how the interworking from LTE to WLAN is performed. Some essential network nodes and features involved in the interworking are described as follows: 

· P-GW plays a role of mobility anchor, i.e., for mobility to LTE to WLAN, P-GW re-routes the DL IP packet incoming from PDN towards WLAN, instead of S-GW.  
· ePDG (Evolved Packet Data Gateway) that is an EPS entity to enable LTE-WLAN interworking plays an role of MAG (Mobile Access Gateway) for the UE’s WLAN access. 

· Secured IP tunnel (IPSec tunnel) is established between UE and ePDG for secured communication between UE and ePDG. IPSec tunnel enables the trusted communication between UE and ePDG via un-trusted WLAN access network. 
Note that ePDG and AAA are 3GPP EPS network entities to support 3GPP and non-3GPP interworking while WLAN AP is non-3GPP access network
2.2 Mobility procedure from LTE to WLAN, as an example of interworking

In the following, the simplified interworking procedure for mobility from LTE to WLAN is described. The real procedure is much more complicated, but the details which are performed in core network level are omitted here, because we assume that it is not likely that the impact of those steps are isolated within core network or NAS, and thus those are not impacted by/ impacting what RAN level 3GPP-WLAN interworking is seeking for. The simplified procedure is given: 
Step 1) UE is being registered to LTE network. 

Step2) UE attempts to detect available WLAN service area for which UE is allowed to access (Access Network Discovery and Selection Function (ANDSF) may be performed). 
Step3) UE selects one of the detected WLAN service area (one of WLAN SSIDs)
Step4) UE triggers authentication procedure to be granted for its access to the selected WLAN 
Step5) IPSec is established between UE and ePDG via IKEv2 protocol. 

Step6) GRE tunnel is established between the ePDG and the P-GW. 

Step7) From now on, P-GW routes the UE’s DL/UL IP packet towards/from ePDG. 

2.3 Target scenarios and requirements for 3GPP-WLAN RAN interworking
Based on the basic understanding on 3GPP-WLAN interworking as described in above sections, we try to define work scopes and target scenarios. Since the study on RAN level 3GPP-WLAN interworking has been just started, it is difficult for now to guess proper scopes and target scenarios, e.g. it is difficult to decide which step(s) out of those steps described above can be included in/excluded from the scope of this SI and what this study and subsequent WI will bring out as solutions.
Considering that this SI is aiming at RAN level interworking, we observe that step 4 to 7 are not much related with RAN level 3GPP-WLAN interworking, because these steps are only related with core network/NAS signalling. Then we believe that those steps would be left without untouched or unaffected by any of RAN level 3GPP-WLAN interworking aspects that we would consider. Thus we start from a proposal for trimming down the scope of this SI, as follows:
Proposal 1 The 3GPP-WLAN RAN interworking SI should minimize the impact to core network and NAS signalling that are already defined. 

Another trimming-down consideration would be made on mobility directions between 3GPP and WLAN: which mobility direction should we mainly focus on? In our view, the mobility direction from 3GPP to WLAN should be our primal interest, as the 3GPP access network is our primal preference as UE’s access network, and WLAN is the secondary access network to be used only when offloading or other enforcement are requested. 

Proposal 2 The 3GPP-WLAN RAN interworking SI primarily focuses on the mobility direction from 3GPP access network to WLAN access network. The mobility direction from WLAN access network to 3GPP access network is out of scope of this SI. 
Back to the steps described above in section 2.2, we observe that the step2 and step3 seems highly relevant for the RAN level procedure.  
Step2 
This step is for discovery of WALN for which the UE is allowed to access. The discovery process can be done automatically by handover client running on UE kernel level, or user can manually switch on WLAN module to discover available WLAN around the UE. 
Step3
This step is for triggering of mobility procedure. The mobility triggering can be by handover client running on UE kernel level, or this triggering can be done by user (user selects one of detected WLAN SSIDs)

Notably in step3, it is UE that selects WLAN as access network to use and to initiate the mobility, and the UE’ selection of WLAN automatically triggers authentication procedure by sending authentication request message to WLAN. As seen from this, this mo mobility can be considered as sort of UE-based mobility, rather than network-based mobility. We observe some drawbacks of UE-based mobility in terms of 3GPP-WLAN interworking, as follows:

1) Network cannot have the control of which access network is better off to be used by the UE: the necessity of mobility from 3GPP to WLAN can be decided by considering various factors, such as the congestion level of source and/or target, signal level of source and/or target, roaming status, and charging policy and so on. Some factors are known to both UE (and user) and network, but some are only known to network. However, current 3GPP-WLAN interworking is solely based on UE decision, i.e. network knowledge cannot be considered for mobility decision. Best utilization of mobility from 3GPP to WLAN would be possible only when those factors are taken into account for mobility decision as many as possible. 

2) Network responsibility of guaranteeing user QoS may not be ensured: when QoS sensitive service is running on UE, it may be desirable for UE to keep connected to 3GPP network, because QoS is not guaranteed over WLAN access network especially when WLAN is congested by many users already in there. Note that WLAN traffic situation of WLAN is not visible to user during WLAN discovery, and the UE may end up with selecting WLAN that is showing high quality of beacon signal but unreasonably congested, which would results in severe degradation of user QoS.  
3) User intervention cannot be avoided or minimized: since network-triggered mobility is not supported, the mobility from 3GPP to WLAN always requires the user intervention such as triggering manual WLAN discovery and manual WLAN selection. This causes a significant amount of inconvenience to user. 
The identification drawback strongly motivates the 3GPP-WLAN RAN interworking SI to enable network to have the control of mobility decision. For mobility from 3GPP access network to WLAN access network, it is 3GPP access network (LTE or UMTS) to have the mobility control towards WLAN access network. 

Proposal 3 The 3GPP-WLAN RAN interworking SI aims at proving 3GPP access network with mobility control at least for mobility from 3GPP access network to WLAN access network. 

To enable network control of mobility, user assistance is quite important. To facilitate mobility within 3GPP, for example, UE may provide neighbour cell measurements to its source cell, where the measurements may include serving cell quality, neighbour cell quality, neighbour information (e.g. (E-)CGI and CSG membership for CSG cell) and so on. Following this approach, we can consider that, to support network control of mobility from 3GPP to WLAN, UE will provide the information of discovered WLAN to 3GPP network such that network can decide whether mobility to the WLAN is desirable. The mobility in reverse direction (from WLAN to 3GPP) seems out of our scope. 
Proposal 4 The 3GPP-WLAN RAN interworking SI aims at enabling 3GPP access network control of mobility between 3GPP and WLAN, based on UE assistance information. 
The proposal4 implies that UE is required to provide UE assistance information on available WLAN discovered by the UE. There is important consideration in terms of UE battery especially for WLAN discovery; since the WLAN discovery process would consume UE battery. In nature WLAN service area is fairly small and accordingly the chance of WLAN discovery is unexpected, and the proper moment/policy for mobility to WLAN is depending on the situation of network and UE. So, even though it is obviously desirable for UE to activate WLAN module only when necessary, it is not easy to point out when really necessary or unnecessary. One hint for this consideration is that the WLAN of our interest in this SI is operator-controlled WLAN, and thus we may assume that some knowledge of those operator-controlled WLAN might be available at 3GPP access network. This means that the network may also provide assistance information to UE such that UE assistance information is collected and reported in battery efficient manner. 
Proposal 5 The 3GPP-WLAN RAN interworking aims at providing solutions that enables energy efficient UE assistance information acquisition and reporting. 
We expect most of the impact of 3GPP-WLAN RAN interworking would be restricted within RRC, and no impact would be foreseen to LTE radio protocols layer1&2 (PHY, MAC, RLC, PDCP), because 3GPP-WLAN interworking is basically IP level interworking performed above LTE L1/L2. So we would like to confirm:
Proposal 6 The 3GPP-WLAN RAN interworking should not impact existing LTE radio protocols of layer 1&2 (LTE PHY, MAC, RLC, PDCP)

3 Proposals

The work scope and target scenarios of SI 3GPP-WLAN RAN interworking, from RAN2 point of view are proposed as follows: 
Proposal 1 The 3GPP-WLAN RAN interworking SI does not impact core network and NAS signalling that are already defined. 
Proposal 2 The 3GPP-WLAN RAN interworking SI primarily focuses on the mobility direction from 3GPP access network to WLAN access network. The mobility direction from WLAN access network to 3GPP access network is out of this SI. 
Proposal 3 The 3GPP-WLAN RAN interworking SI aims at proving 3GPP access network with mobility control at least for mobility from 3GPP access network to WLAN access network. 

Proposal 4 The 3GPP-WLAN RAN interworking SI aims at enabling 3GPP access network control of mobility between 3GPP and WLAN, based on UE assistance information. 

Proposal 5 The 3GPP-WLAN RAN interworking aims at providing solutions that enables energy efficient UE assistance information acquisition and reporting. 

Proposal 6 The 3GPP-WLAN RAN interworking should not impact existing LTE radio protocols of layer 1&2 (LTE PHY, MAC, RLC, PDCP)
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