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[bookmark: _Ref349588338]1. Introduction
In the RAN2#81 meeting, RAN2 made several basic agreements for requirements and assumptions on the new study item: WLAN/3GPP Radio Interworking, as follows [1]:
	Agreed Scenarios and Requirements and Assumptions
1	WLAN/3GPP Load Balancing improvement (make use of offloading potential in order to increase system capacity)
2	Performance Improvements (WLAN interworking should not result in decreased but preferable in better user experience)
3	Improve utilization of WLAN (if available and not overloaded)
4	Reduce (or at least don’t increase) battery consumption (e.g. due to WLAN scanning/discovery)
6	Our solution should be compatible to any CN solutions and WLAN integration levels that are available today (e.g. Trusted and Non-trusted WLAN through EPC; non-seamless WLAN connected directly to Internet; Multi-Access PDN Connectivity (MAPCON))
9	No need to distinguish Indoor- and/or Outdoor WLAN deployments in our solution
10	Backward compatible on 3GPP and WLAN side (all legacy UEs should still work even though they may not directly benefit from the enhancements)
12	Avoid changes on WLAN radio interface
13	We do not base our solutions on an interface between RAN and WLAN (no standardized interface)



From the above agreements, we can see that the solution from this study item should provide a mechanism for load balancing. For load balancing, two approaches can be considered on a higher level:
· Network-controlled load balancing
· Network-assisted load balancing
In this contribution, we provide detailed procedures both for above two approaches, and propose which way to go.

2. Discussion
[bookmark: _Ref345579754]2.1 Network-controlled Load Balancing
In the network-controlled load balancing approach, each network entity (i.e. eNB/AP) decides whether an UE needs to be offloaded from its network (i.e. 3GPP/WLAN) according to the load information from both networks (i.e. 3GPP and WLAN), and commands the UE to perform offloading to the other network.
For this, each network entity, i.e. eNB in 3GPP or AP in WLAN, should have knowledge on the load information of both networks. The network entity may obtain the load information by following ways:
· Approach 1: There is an interface between eNB and AP, and they exchange their load information each other.
· Approach 2: Other entity (e.g. UE) collects the load information of the other network entity, and reports it to the network entity.
· E.g., an UE collects load of information from the WLAN AP, and reports it to the 3GPP RAN, and vice versa.


[bookmark: _Ref349636089]Figure 1 Example of network-controlled load balancing
Figure 1 shows the example of network-controlled load balancing. In this figure, each network entity obtains the load information of other network by either approach 1 or approach 2.
It should be noted that a new interface between 3GPP RAN and WLAN AP is required to support the approach 1, but to introduce this interface is against one of the agreements from the last meeting:
	13	We do not base our solutions on an interface between RAN and WLAN (no standardized interface)



For approach 2, eNB may collect the WLAN load information via UE by receiving the Beacon frame from the WLAN AP [2]. However, for an AP to collect 3GPP RAN load information via UE, a new message/information element should be introduced in the WLAN specification, and this violates one of the agreements from the last meeting too:
	12	Avoid changes on WLAN radio interface



Besides above problems, we also need to consider the case that the user of the UE turns off the WLAN module. Suppose that eNB has the load information both of 3GPP RAN and WLAN AP, and commands an UE to offload to the WLAN based on the network-controlled load balancing scenario. In the UE side, however, there is a possibility that the WLAN module of UE is turned off, and if so, the UE cannot perform offloading to the WLAN after receiving the command from the eNB. Hence, to support the above scenario properly, eNB needs to know the current power status of WLAN module (configured by the user), and the UE is required to report its status to the eNB whenever the status changes. This operation may be a burden both in eNB and UE, as eNB needs to manage status of each UE, and UE keeps reporting the status.
Observation: It would be difficult to consider network-controlled load balancing as a candidate solution if we consider bi-directional offload operations.
[bookmark: _Ref345579747]2.2 Network-assisted Load Balancing
From the observation in the previous section, we can also consider the network-assisted load balalancing approach. In this scenario, each network entity (i.e. eNB and AP) provides its own load status, and UE determines whether to perform offloading based on UE implementation or the offloading policies from the operator (e.g. using ANDSF defined in SA2 [3]) if avaialble.


[bookmark: _Ref349648165]Figure 2 Example of network-assisted load balancing
Figure 2 shows the example of network-assisted load balancing. In this scenario, the UE obtains 3GPP load information and WLAN information from eNB and WLAN, respectively. Alternatively, the eNB may provide the load information both of 3GPP RAN and WLAN if it collects WLAN load information from other entity (e.g. other UEs).
The 3GPP load information could be in various forms. For example, eNB may provide level of congestion (e.g., low, medium, high, or more specifically, percentage). This approach gives the explicit load status of 3GPP RAN to UEs, but operators may not want to reveal instantenous load status of 3GPP RAN to others. As an alternative, we can consider another example: eNB provides an indicator which tells preference of offload (e.g., integer number in the range 0..9). With this cellular offload preference indicator, the network can tell UEs a degree how much network wants to offload UEs to WLAN.
After receiving the load information of both 3GPP RAN (either above explicit/implicit information) and WLAN, the UE selects the most suitable network based on policies. The policies can be pre-configured in the UE from the implementation, or can be received from the policy server if ANDSF is utilized in the network. So this approach also satisfies the following agreement from the last meeting.
	6	Our solution should be compatible to any CN solutions and WLAN integration levels that are available today (e.g. Trusted and Non-trusted WLAN through EPC; non-seamless WLAN connected directly to Internet; Multi-Access PDN Connectivity (MAPCON))



Hence, from the above, we can conclude that following operations can be possible while satisfying all agreements from the last meeting:
· UE obtains load information both of 3GPP and WLAN from the network.
· UE has following policies (either from ANDSF server or pre-configured):
· If LTE load (e.g. cellular offload preference indicator) is greater than x, and WLAN AP load (e.g. Channel Utilization [2]) is less than y, move flow to WLAN AP
· If LTE load is less than x', and WLAN AP load is greater than y', move flow back to LTE
· UE selects the network based on the policies.

Proposal: It is proposed that RAN2 considers network-assisted load balancing scenario as a basic solution for the load balancing.

3. Conclusion
Observation: It would be difficult to consider network-controlled load balancing as a candidate solution if we consider bi-directional offload operations.
Proposal: It is proposed that RAN2 considers network-assisted load balancing scenario as a basic solution for the load balancing.
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