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1 [bookmark: _Ref272754064]Introduction
[bookmark: OLE_LINK18][bookmark: OLE_LINK25][bookmark: OLE_LINK11][bookmark: OLE_LINK12]During last RAN2 meeting, several requirements and assumptions have been agreed for this study item. In this paper, we provide two potential solution directions for improving load balance between WLAN and 3GPP, then analysis the pros and cons of these two directions.
2 Discussions
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]The two basic scenarios, standalone deployment and collocated deployment, and several detailed scenarios have been accepted by most companies in the email discussion after the RAN2#81 meeting. The CN already supports some solutions for interworking between 3GPP and WLAN. For example ANDSF could provide UE: Inter-system mobility policy、Access network discovery information and Inter-System Routing Policy. Based on these informations and UE’s local policy, UE could decide whether to access to the non-3gpp network and whether to offload the some or all the IP flows to the non-3gpp network. Since UE have little 3gpp network information, the decision UE made may not be appropriate. We give some potential solutions regarding to the load balancing between 3gpp and WLAN, the AP selection is also included in the offload decision.
2.1 Potential solutions
UE makes the offload decision


Figure 1
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Since UE could get ISMP info, Access network discovery info and ISRP info from ANDSF, also UE could get WLAN load information in the Beacon/Probe Response messages [1] and the AP backhaul load and speed info in the Hotspot 2.0 ANQP Elements [2], if UE could be aware of the load info about the 3gpp serving cell, the decision UE made would be more appropriate. 
As showed in Figure 1, the info exchange procedure between UE and ANDSF remains the same. The 3gpp RAN network element could broadcast the load information periodically. Or the UE could request the load information from the 3gpp RAN when it needs. After UE passively or actively achieve the load info about 3gpp RAN, it could make the final decision whether to offload to the WLAN network and use which AP to access. This method has least impacts on the 3gpp specifications. However, if the ANDSF is absent, the UE may not be aware of nearby WLAN and waste the resource. Therefore, 3gpp RAN should active more in the 3gpp and WLAN interworking, not just provide UE the load information of the 3gpp RAN.
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK26][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK17]Observation 1: If the offload decision is made by UE, 3gpp RAN should take more responsibility besides provide the 3gpp RAN load info.


Figure 2
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK59][bookmark: OLE_LINK60]We can assume that at least the 3gpp RAN could get the attribute information of the operator controlled WLAN, such as location, serurity and SSID etc, from the OAM. In current specifications, there is no interface between 3gpp RAN network element and ANDSF, 3gpp RAN may get the attribute information of the operator controlled WLAN from the OAM and co-located AP. Then the 3gpp RAN could indicate the load information of 3gpp RAN, the useful attribute information, such as SSID etc, to the UE along with some policy info, such as the priority of the WLANs. And UE could decide whether to offload to the WLAN network and use which AP to access. This method would work without the ANDSF’s existing and has medium impact on the 3gpp specification. But there is one problem that if the info getting from RAN is different from the info getting from ANDSF, it may cause confuse in UE. The solution to the problem could be FFS.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Proposal 1: If the offload decision is made by UE, 3gpp RAN could provide load info of 3gpp RAN, useful attribute info of WLAN along with some policy info to the UE.
3gpp RAN makes the offload decision


Figure 3
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK31][bookmark: OLE_LINK32]In current CN solution, the MO in ANDSF is statically configured. Due to the dynamic change of WLAN access network load condition, it’s complex for the OAM to be aware of the WLAN load. In the standalone scenario, there is no non-standradized interface between the 3gpp RAN network element and the WLAN AP, the 3gpp RAN would not know the real-time WLAN load condition via OAM or AP. If the offload decision is made by 3gpp RAN, the WLAN load condition is necessary to the 3gpp RAN. Since UE could get this information, it is reasonable for UE to report the load condition to the 3gpp RAN in the standalone scenario. In the co-located scenario, the 3gpp RAN could get the real-time WLAN load info from the co-located AP. The signal quality of the WLAN access networks received in UE is another necessary factor for 3gpp RAN to make the offload decision. It should also be reported to the 3gpp RAN.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Based on the WLAN attribute info 3gpp RAN get from OAM and co-located AP, the WLAN load info and signal qulity of the WLAN access networks, 3gpp RAN could decide when and which AP UE should offload to then indicate the decision to UE as showed in Figure 3. This method would work without the ANDSF’s existing and has medium impact on the 3gpp specification. It should be noted that the policy pre-configured in UE, the info and policy provide by ANDSF is ignored by the 3gpp RAN, and the affect on CN and UE need to be evaluated.
[bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK51][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 2: If the offload decision is made by 3gpp RAN, the signal quality and load information of WLAN should be reported to the 3gpp RAN in standalone scenario, the signal quality of WLAN should be reported to the 3gpp RAN in co-located scenario.
2.2 [bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Pros and Cons
In section 2.1, several possible solutions have been given and here we summarize the pros and cons of theses solutions. Either it is UE make the offload decision or 3gpp RAN make the offload decision, it should be guarantee that RAN solution should be work with or without the ANDSF’s existing. The two solutions both have medium impacts on the 3gpp specification.Since these solutions regarding the Co-located scenario are basically consistent with the standalone scenario, here we only illustrate the the pros and cons in the standalone scenario.
	
	Standalone

	[bookmark: _Hlk352688660]UE makes the decision
	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]3gpp RAN need provide the 3gpp RAN load info, attribute info of WLAN and some policy info to UE. 
	[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Pro
	Con

	Need less RAN signaling.
	UE’s behavior is hard to control.For example, several UE may decide to offload to the WLAN at the same time, the WLAN becomes overload, and all these UE would decide to back to 3gpp RAN, this may cause ping-pong effect between 3gpp and WLAN network.

	[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Unified method for both basic scenarios
	The differences between RAN info and ANDSF info may cause confuse in UE, the solution to this problem should be FFS




	[bookmark: _Hlk352688709]3gpp RAN makes the decision
	UE need provide the signal quality and WLAN load info to the 3gpp RAN.
3gpp RAN need send the decision to UE.
	Pro
	Con

	Easy to control
	May need more RAN signaling and more lantency and cause more UE power consumption

	
	[bookmark: OLE_LINK52][bookmark: OLE_LINK53]The policy pre-configured in UE, the info and policy provide by ANDSF is ignored by the 3gpp RAN, and the affect on CN and UE need to be evaluated.





[bookmark: OLE_LINK49][bookmark: OLE_LINK50]
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK73]Proposal 3: RAN2 should discuss the Pros and Cons of these two solutions.
3 Conclusions
Observation 1: If the offload decision is made by UE, RAN should take more responsibility besides provide the 3gpp RAN load info.
Proposal 1: If the offload decision is made by UE, 3gpp RAN could provide load info of 3gpp RAN, useful attribute info of WLAN along with some policy info to the UE.
Proposal 2: If the offload decision is made by 3gpp RAN, the signal quality and load information of WLAN should be reported to the 3gpp RAN in standalone scenario, the signal quality of WLAN should be reported to the 3gpp RAN in co-located scenario.
Proposal 3: RAN2 should discuss the Pros and Cons of these two solutions.
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