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1. Introduction

During the RAN2 email discussion [1] it was decided that the primary focus of this SI is to better understand the scenarios used by the operators to offload services from 3GPP network to WLAN deployed and controlled by operators and their partners. Both collocated and non-collocated scenarios for WLAN/3GPP nodes were considered essential. With better clarity of the intended scenarios it is now possible to consider solutions for these scenarios. However, before RAN2 considers full details of offloading procedures, it is necessary to get a better understanding of some elements that form the foundation of any good solution. In particular, RAN2 should consider the information necessary for offloading and which entity, the UE or the NW, that is responsible for coordinating the exchange of the information. This contribution provides some suggestions on these elements that are critical to offloading success. 
2. Discussion
Based on inputs from the email discussion [1], several companies pointed out additional detailed scenarios for collocated and non-collocated scenarios that should also be considered. These include cases where the coverage involves one or more overlapping WLAN and 3GPP nodes. In all cases, the scenarios of interest always include coverage of both WLAN and 3GPP nodes otherwise offloading would not be possible.  

The idea of offloading isn’t new and has been studied under eICIC, HetNet, CA and currently under small cell enhancement discussion. But unlike offloading to small 3GPP nodes, the information exchange between 3GPP node and WLAN node isn’t well defined from the RAN perspective. Furthermore, it is unclear what information exchange is possible between 3GPP and WLAN nodes, especially if a standardized interface is not available. Before arriving at a suitable solution(s) for offloading, RAN2 should consider the following elements that are essential to any candidate solution.  
2.1. Information needed for network selection
In order to support offloading from 3GPP node to WLAN node, the 3GPP node must consider many factors that must be evaluated before the proper decision can be made for offloading. Examples of the basis for the offloading decision include the need to relieve congestion, the need to provide the UE with higher throughput or the need to satisfy certain QoS requirements for better user experience. Once the decision is made to attempt to offload the UE, the 3GPP network will need to consider which network and which node is most suitable for the offloading needs. Therefore, certain key information will need to be evaluated as part of the network selection process, otherwise, WLAN offloading won’t be handled properly. Specifically, the following list of information is considered essential for network selection:

· Access and backhaul load
· Throughput

· QoS

· WLAN node Identification
· Signal strength 
· Link stability

· Support for WMM capabilities
One of the main considerations for offloading is the need to relieve RAN/NW congestion. The WLAN access and backhaul load must be considered before deciding whether to offload the UE to WLAN, since there may be a need to retain the UE within the 3GPP node if the WLAN node is more congested than the 3GPP node. Even if neither network is not fully loaded, there may be a need to increase UE throughput to provide a better user experience and the opportunity to offload the UE to an alternate network could satisfy such a requirement.  
Similar concerns may be applied to QoS, since some services (e.g., delay tolerant services) may be more suitable for WLAN while other services (e.g., voice) may be more appropriate for 3GPP node. One of the advantages of offloading is that not all active services need to be served by one network, which means it is an option to allow the UE to be connected to both networks simultaneously to optimize the QoS requirements. Such offloading decisions should be carefully considered since unnecessary simultaneous connections to both networks will result in undesired UE power consumption. 
It will be necessary for the 3GPP node to identify the target WLAN node for offloading. The WLAN node’s SSID, or more specifically BSSID, is a candidate for identification It will also be necessary to define the process for verifying the authenticity of the WLAN node before offloading.   

Signal strength is one piece of information that is clearly needed to evaluate the possibility of offloading to a WLAN node. Just as in the case for mobility between 3GPP nodes, both the source signal strength and the target signal strength must be jointly considered.  
Closely related to signal strength is the need to evaluate the link stability of the WLAN node. Link stability is a measure of how long the UE can remain connected to the WLAN node which is mainly dependent on the variations in signal strength. It may not be necessary for the UE to be connected to the WLAN node to obtain sufficient link stability information. And as such, UE's mobility also plays a role in how stable the connection will be. The number of WLAN nodes deployed in a region may also affect link stability at any given location. It is still FFS how we would define link stability and which entity defines this requirement.
Last but not least, RAN2 should also consider whether the WLAN and the UE support WMM. With WMM, it may be possible for the 3GPP node to receive the prioritized category of services supported by the WLAN.  In particular, it may be possible to support voice service over WLAN. This could potentially offer the 3GPP node more options for offloading and reducing UE power consumption if the UE does not also need to be connected to the 3GPP node.  
Proposal 1:
RAN2 should decide on the set of parameters essential to network selection. 
2.2. Collocated vs non-collocated scenarios
Once the set of parameters from network selection is decided, RAN2 should also consider whether there are any differences in obtaining network related parameters for both collocated and non-collocated scenarios.  For the collocated scenario, it may be assumed that much of the information exchange between the 3GPP node and WLAN node can be obtained through a proprietary interface since they are both located within the same node. In particular, information exchange including the access and backhaul load, management of throughput as well as QoS support can be transparently exchanged within the same node. As part of the extension of the collocated scenario, it should also be possible to support an external WLAN node physically separated from the 3GPP node but connected to the 3GPP node via a fibre optics link much like Scenario 4 among the CA deployment scenarios [2]. These external WLAN nodes will also have similar information exchange capability as the collocated scenarios since the 3GPP node will have direct access to the external WLAN node without delay. 
For the non-collocated scenario, it isn’t clear if the throughput and access/backhaul load can be exchanged since a standardized interface is assumed to be unavailable. One possibility would be to obtain the load information through OAM as part of the network implementation. The latency associated with the information exchange should not be critical as long as the load does not change too quickly. If either of the backhaul loads is congested, it may be more difficult to exchange the information in a timely manner. Another possibility is to obtain the load information through the beacon frame transmitted periodically by the WLAN node or alternatively from the probe response frame [3]. However, such load information may only reflect the access load and not the backhaul load. 
With respect to radio link parameters, there should be no differences between collocated and non-collocated scenarios so all radio link parameters are assumed to be available for both scenarios. 
Proposal 2:
The parameters necessary for network selection should be available for both collocated and non-collocated scenarios.
2.3. Radio link parameters
As previously suggested, it is assumed that radio link parameters such as signal strength and link stability of WLAN node are readily available for either collocated or non-collocated scenarios. From a different perspective, radio link parameters such as signal strength are indications of the UE’s pathloss from WLAN node. This pathloss is dependent on the location of the UE and whether the location is within coverage of the WLAN node. Therefore, it is conceivable that the 3GPP node could determine the UE’s pathloss from the WLAN node if the 3GPP node can readily determine the location of the UE relative to that of the WLAN node. For the collocated scenario, since the location of the UE is the same relative to both of the nodes, it may be possible to estimate the pathloss from the WLAN node; however the actual implementation to determine the pathloss may not be straightforward as the frequency band and the antenna configuration between the 3GPP and WLAN will differ. The situation is even more complicated with the non-collocated scenario. The complexity involved in finding relative pathloss of the UE from a non-collocated WLAN node is prohibitive and may even require the UE to report location information. Also it should not be assumed that the location of the WLAN node is always known by the 3GPP node.
To arrive at a common solution for both the collocated and the non-collocated scenario, it would be much simpler to allow the UE to determine the radio link parameters and report these to the 3GPP node as needed. As described above, it is very challenging for the 3GPP node to determine the UE’s WLAN signal strength, and this solution is consistent with the existing behaviour for mobility among 3GPP nodes, so there would be little complexity for the UE to add WLAN support for radio link measurements.            

Proposal 3:
Discuss whether operator WLAN radio link information should be obtained from the UE.
2.4. Offloading indication
Assuming Proposal 3 is agreeable, the UE could readily obtain the radio link parameters whenever the UE is within coverage of the WLAN node. This information may be reported to the 3GPP node and the 3GPP node could consider whether offloading is needed. However, this assumes the UE’s WLAN radio is always on which is not always true. The user or the UE may have turned off the WLAN radio to conserve power. If the UE doesn’t know the 3GPP node’s intention for offloading, there may be little reason for the UE to turn on its WLAN radio. Therefore, it would be beneficial for the 3GPP node to indicate its intention for offloading to the UE so that the UE may turn on its WLAN radio and measure the radio link parameters in a timely manner.  Although this issue is closely tied to the subject of WLAN discovery/scanning optimization, such an indication will be beneficial regardless of which solution is ultimately adopted for WLAN discovery/scanning.      

Proposal 4:
3GPP network should have a mechanism to inform the UE that WLAN offloading is needed.
3. Conclusion
This contribution describes some of the essential elements needed for network selection.  We have the following proposals.
Proposal 1:
RAN2 should decide on the set of parameters essential to network selection.
Proposal 2:
The parameters necessary for network selection should be available for both collocated and non-collocated scenarios.
Proposal 3:
Discuss whether operator WLAN radio link information should be obtained from the UE.
Proposal 4:
3GPP network should have a mechanism to inform the UE that WLAN offloading is needed. 
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