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1 Introduction
During RAN2#81, the following agreement was concluded as the requirements to RAN solution on 3GPP/WLAN interworking:

· WLAN/3GPP Load Balancing improvement (make use of offloading potential in order to increase system capacity)

· Performance Improvements (WLAN interworking should not result in decreased but preferable in better user experience)

This contribution will review the problems result in WLAN/3GPP load unbalance and discuss the solution directions to improve the system performances.
2 Problem Discussion
The traffic load distribuaiotn across the network is usually unbalanced, it changes all the time. Mobile cellular network already has a good mechanism to distribute the load across different cells, it may bar the cell or handover some UEs from one cell to another. However, the overload problem still exist because the network capacity over specific region is still limited and cannot always satisfy all the bursty traffic demand by UEs. Therefore, offload the traffic from cellular to WLAN has become an important direction actively considered by operators.
However, the capacity of WLAN is never unlimited. Even though its air-interface may support Gbps peak transmission rate, but most of WLAN AP still connected to xDSL backhaul with limited bandwidth (e.g. 10MHz). Therefore, it is possible that WLAN may also be overloaded while cellular network is underloaded. The problem under different scenarios may be different, the potential solution direction may also be different and need to be discussed separately.

In general, the problems when both 3GPP and WLAN networks are underload or overload are less serious from system performance perspective. When both networks are underloaded, either system capacity or user experience can still be satisfied even without 3GPP/WLAN interworking solution since the resources in both networks are quite sufficient. Only the efficiency problem need to be considered. When both networks are overloaded, there may be no much can do by 3GPP/WLAN interworking solution since the resources in both networks are exhausted. Implementing enhanced interowkring solution or not may not lead to much difference. Therefore, the following discussion focus on load unbalance scenarios.
2.1 3GPP Overload & WLAN Underload
This is the typical scenario considered by WLAN offload solutions, where the objective is to offlad traffice from cellular network to WLAN network. There are two possible cases under this scenario, i.e. UE in connected mode or in idle mode.
In the first case, data traffic for connected mode UE will certainly increase the loading for cellular network. It is a reasonable to offload the data traffic to the WLAN network which is underloaded. For this case, RAN can easily send assistant information to UE for enhancing the interworking efficiency (e.g. select the right AP).
In the second case, the situation is relative non-obvious because no data traffic is carried by 3GPP network for idle mode UE. Assisting UE to connect with WLAN AP seems not helpful to offload the traffic from 3GPP network. However, some data traffic will only be triggered when UE is connected with WLAN (e.g software upgrade, video downloading…) either by software application or by manual control. Helping idle mode UE get connected with WLAN AP is still helpful to prevent more traffic loaded to 3GPP network (e.g. user cannot find WLAN and then decide to download video through overloaded 3GPP network).

Proposal 1 RAN level interworking should enhance the offload from 3GPP network to WLAN network for both idle mode and connected mode UEs
2.2 WLAN Overload & 3GPP Underload
Another scenario is that WLAN network is overloaded by 3GPP network is underloaded. It is indeed possible because the overload of WLAN network may comes from the capacity limitation from backhaul rather than air-interface. For example, hundreds Mbps ~ Gbps peak transmission rate may be achieved by advanced WLAN AP, but its backhaul by xDSL link may only support 10Mbps peak transmission rate. UE connected with backhaul overloaded AP may not experience better QoS than connecting with underloaded 3GPP network.
However, it is unclear whether RAN level interworking solution can enhance the offloading from WLAN network to 3GPP network, because the standardization of WLAN air-interface is out of 3GPP scope. The agreement achieved in RAN2#81 also indicates that solution specified by this SI cannot binding with the modification on WLAN air-interface. Whether UE will switch connection from WLAN to 3GPP network seems up to UE implementation and some mechanism already specified in WLAN (e.g. BSS load and WAN metrics defined in 802.11k for WiFi Hotspot 2.0).
Proposal 2 The impact to 3GPP spec. for enhancing traffic offload from WLAN network to 3GPP network may require further clarification

3 Discussion on Solution Direction

Base on the agreement concluded in RAN2#81, the RAN solution should be compatible to any CN solutions and WLAN integration levels that are available today. This means the RAN solution need to work without any integration between 3GPP core network and WLAN network. Then there seems to be two possibilities, the access policy is pre-provisioned or the access policy is updated by RAN.
The UE implementation will always implement some pre-provisioned WLAN access policy (e.g. base on historical access record) to determine which WLAN AP to access. But it seems difficult to adapt the access policy base on the time-variant load in 3GPP and WLAN networks. Therefore, it is difficult to resolve the load unbalance problem by pre-provisioned policy, the RAN enhancement direction need to consider the solution to update WLAN access policy in more dynamic manner (e.g. semi-static or dynamic).

3.1 3GPP RAN Forward WLAN Information to UE

There are different ways for RAN to update the WLAN access policy for UE, either by broadcast or by unicast. The broadcast method (e.g. by broadcast channel or by paging channel) can be applied for idle mode UE support, the unicast method can be applied for connected mode UE support.
Whether the broadcast or unicast signalling is required depends on the agreed mechanism. For example, RAN may simply broadcast whether there is WLAN access opportunity within the cell coverage. Then leave UE implementation to explore WLAN information through the scanning and decide whether it want to access that AP. This provides more flexibility on UE implementation and minimize the impact to standard, but UE may still access to the wrong AP (e.g. overloaded AP) and spend certain time to establish the reliable WLAN connection.

On the other hand, RAN can also send more detail WLAN information to UE through RRC signalling which contain more assistant information. The information may indicate which APs are good to access (e.g. underloaded), then UE could first select the APs recommended by RAN for better access experience. But this will require RAN to understand the loading information of WLAN AP, this may be a challenge if there is no integration between 3GPP core network and WLAN network.
Proposal 3 Additional signalling is required for RAN to assist UE on WLAN selection
3.2 UE Feedback WLAN Information to 3GPP RAN
It is possible for RAN to learn WLAN AP location if operator has recorded this information in advance. But it is unclear whether operator can record the location of WLAN AP deployed by contracted partner. In addition, it is difficult for RAN to directly learn the WLAN information (e.g. loading status) through backhaul connection without the integration between 3GPP core network and WLAN network. Without the information on WLAN network, it will be difficult for RAN to assist UE by offering WLAN information.

On the other hand, certain UE may have scanned over WLAN channels or have connected to WLAN AP deployed by operator (or contracted partner). Another possibility is for UE to report the observed WLAN network information to 3GPP network, in order to help RAN update its database on WLAN AP status. For the static or semi-static WLAN AP information this approach is helpful by summarizing the reporting results by different UEs over a period of time. If the WLAN load information will not be changed very fast, UE reporting may be helpful
Proposal 4 UE can feedback the observed WLAN information to RAN

4 Conclusions

According to the above analysis, RAN2 is requested to adopt the following proposals.
Proposal 1 RAN level interworking should enhance the offload from 3GPP network to WLAN network for both idle mode and connected mode UEs
Proposal 2 The impact to 3GPP spec. for enhancing traffic offload from WLAN network to 3GPP network may require further clarification
Proposal 3 Additional signalling is required for RAN to assist UE on WLAN selection
Proposal 4 UE can feedback the observed WLAN information to RAN
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