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1. Introduction

In Release-12 and earlier WLAN offloading solutions, WLAN selection is left to UE implementation with possible assisted information from the network (such as ANDSF or RAN rules). One of the main goals of Release-13 is to enable better network control of WLAN offloading. As specified in the WID, this includes user plane by data aggregation or traffic steering. The extent of network control for WLAN selection and mobility should also be analyzed and specified.

In this contribution, we discuss different options for WLAN selection and mobility. The focus here is on LTE/WLAN aggregation. However, the same scheme can be used for Interworking Enhancement in the RRC CONNECTED state.
2. Discussion
As discussed in the contribution for CP architecture [2], for both Aggregation and Interworking Enhancement, the UE should be associated with a WLAN AP; in addition, the identity of this AP or other information to identify this AP should be known by the eNB. One natural question is how, when, and by whom the selection of the AP is performed. There are two basic options:
1. The UE selects an AP based on WLAN identities and assistance information provided by the eNB. This is same as Release-12 WLAN/3GPP interworking scheme. We will call this Network-Assisted method.
2. The UE reports one or multiple APs along with measurements based on WLAN measurements configured by RRM and eNB selects an AP. This is similar to Release-12 Dual Connectivity SeNB selection. We will call this Network-Controlled method.

An example call flow for Network-Assisted method is as follows:
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Figure 1 Call Flow for Network-Assisted WLAN Selection
1. The network (eNB) provides information about the WLAN networks supporting aggregation and/or interworking using the WLAN identifiers.
2. UE selects an AP within the WLAN networks indicated by the eNB

3. UE associates with the selected AP

4. UE notifies the eNB of association with this AP (this can also be done via AP to eNB signaling)
5. eNB enables Aggregation with this AP
6. eNB updates RRC Configuration to enable Aggregation for selected bearer(s)
7. UE reconfigures and responds to the eNB

An example call flow for Network-Controlled method is as follows:
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Figure 2 Call Flow for Network-Controlled WLAN Selection
1. The network (eNB) provides information about the WLAN networks supporting aggregation using the WLAN identifiers.

2. UE sends measurement reports for APs according to the measurement configuration

3. eNB selects one of the reported APs 

4. eNB communicates with WLAN to add the selected AP

5. eNB requests the UE to connect to this AP with the selected bearer(s) for aggregation
6. UE reconfigures and responds to the eNB

7. UE associates with this AP

8. UE notifies the eNB of association with this AP (this can also be done via AP to eNB signaling)
In both schemes, the first step is same where WLAN identifiers are provided by the eNB. This is similar to dedicated signaling in Release-12 RAN rules and it is reasonable to use at least the same set of WLAN identifiers. In addition, channel number (also captured in Release-12 TR and can now be more easily obtained from WLAN via the control plane network interface) to indicate the target WLAN frequency can minimize the UE discovery of these APs.
Proposal 1: WLAN identifiers for LTE/WLAN aggregation are provided by the eNB to the UE via dedicated (RRC) signaling. The set of identifiers will include BSSID, HESSSID, SSID, and channel number(s).
Since LTE/WLAN aggregation only works in RRC_CONNECTED state, the WLAN selection and mobility should only be considered in this mode. We note that this may not be true for Interworking Enhancement where the UE can still use WLAN offloading (e.g. Rel-12 RAN rules) in IDLE mode.

Proposal 2: For LTE/WLAN Aggregation, WLAN selection and mobility procedures are only specified for RRC_CONNECTED state. 

Both Network-Controlled and Network-Assisted schemes have their pros and cons. A comparison table is shown below:

Table 1 Comparison of Network-Controlled and Network-Assisted

	
	Network-Controlled
	Network-Assisted 

	RRC Signalling
	Additional signalling for measurement reporting of available APs and the selected AP
	Signalling to inform the eNB of the new AP association

	Load Balancing
	eNB can select an AP which has less load (received via interface or by UE report)
	User can take BSS load (broadcasted by AP) into account 

	Differentiation between Aggregation and other APs
	eNB can know which APs can be used for aggregation and select an appropriate one
	Different WLAN identifier (e.g. SSID) needs to be used for aggregation

	Latency 
	Higher latency due to additional signalling and authentication*
	Less latency due to less signalling. However, additional latency will occur if eNB does not confirm the selected AP

	Network Control of WLAN mobility
	eNB has full control of WLAN mobility
	The mobility is per STA/WLAN implementation (except when a specific BSSID is provided)


     *Authentication latency can be reduced if it is done via eNB-WLAN signalling, instead of e.g. EAP-AKA’
The pros and cons in the Table also depend on whether it applies to initial WLAN selection or intra-WLAN mobility. Here initial selection is similar to DC SeNB Addition where the UE is not in aggregation (or interworking enhancement) mode with an AP and mobility is similar to DC SeNB Change. For WLAN mobility, it should be noted that:

· WLAN mobility is in nature different than LTE mobility where it is STA based
· WLAN implementations optimize mobility trigger and switch decisions based on many factors such as RSSI, channel loading, speed. These metrics vary across implementations and, unlike 3GPP, there are no performance tests to guarantee a uniform behaviour.
· WLAN mobility is further optimized by WLAN network implementations which can for example monitor WiFi links from the STAs to improve mobility decisions (e.g. within an ESS).
· WLAN coverage is smaller than LTE, which makes it more important for accurate and faster mobility decisions (such issues have also been discussed in 3GPP for HetNet and small cell deployments)

In LTE, eNB has more information to optimize LTE mobility by using UE measurements, which are well defined in 3GPP with performance requirements, as well as its own measurements. The eNB can also gather more information from neighbour eNBs over X2 (via SON features). In addition, X2 or S1 handover signalling itself can provide further optimization by using UE channel conditions and admission control. Many other refinements, robustness, and recovery schemes have also been developed over several 3GPP Releases to improve LTE mobility.

As mentioned above, similar optimizations have also been done on the WLAN side but these are mostly implementation based due to the different standardization nature of IEEE and WFA.  Therefore, it is very difficult to guarantee same mobility performance for WLAN when it is controlled by an eNB, which will much less information about WLAN mobility, implementation, and dynamics. In addition, the control of WLAN mobility also puts an additional complexity on eNB implementations. Such control can also interfere with the built-in WLAN mobility optimizations. As with most mobility decisions, non-optimal choices for WLAN mobility, for example early or late handover, will have a negative impact on throughput and UE power consumption. Therefore, it is better not to interfere with the current WLAN mobility via explicit control by an eNB as in Network-Controlled method.
Proposal 3: For LTE/WLAN Aggregation, WLAN selection and mobility decisions will not be carried out by E-UTRAN
However, it is also important that eNB should be aware of UE mobility in WLAN, especially for LTE/WLAN aggregation where a UP path is needed from the eNB to the selected AP. Therefore, eNB should know the AP mobility in time so that it can switch the UP interfaces without causing too much packet loss (it is also possible that the eNB may have problems in switching the UP path for the AP selected by the UE). Therefore, any AP change should be signaled to the eNB. A hybrid-scheme, called Network-Directed method, can be envisioned as follows where the mobility decision is signaled to the eNB by the UE: 
· UE decisions for WLAN mobility are confirmed by the eNB. 
· UE can report multiple APs so that eNB can select one among one of them
· UE can report additional metrics such as RSSI, BSS load (when broadcasted) for each AP
A call-flow for this method is shown in Figure 3 below:
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Figure 3 Call Flow for Network-Directed WLAN Selection
1. The network (eNB) provides information about the WLAN networks supporting aggregation and/or interworking using the WLAN identifiers.
2. UE selects an AP or several APs within the WLAN networks indicated by the eNB. 
3. UE reports the selected AP(s) along with additional information (e.g. RSSI) for these APs
4. eNB selects one of the reported APs or confirms the selected one

5. eNB communicates with WLAN to add the selected AP
6. eNB requests the UE to connect to this AP

7. UE reconfigures and responds to the eNB
8. UE associates with this AP
9. UE notifies the eNB of association with this AP (this can also be done via AP to eNB signaling)
One disadvantage of Network-Directed compared to Network-Assisted is that it requires additional signaling (UE reporting of selected AP(s) and confirmation from eNB) for intra-WLAN mobility. This may not be optimal for dense deployments of APs. Such signaling can be completely eliminated when mobility is informed by the WLAN. However, this requires additional implementation on the WLAN network side and it also doesn’t allow reporting multiple APs to the eNB. 

It is feasible to support both UE and network signaling of intra-WLAN mobility by leaving this flexibility to the eNB. One way of doing this would be eNB signaling a set of BSSIDs or an SSID where UE does not need signal AP changes to the eNB (similar to Tracking Areas in LTE IDLE mode mobility).
For WLAN selection and mobility, the Network-Directed method can provide a good compromise by enabling network control of final WLAN mobility decisions compared to Network-Assisted while minimizing the impact on current WLAN mobility procedures and UE performance (throughput and power) compared to Network-Controlled. However, eNB should also have the option to turn off UE signaling for intra-WLAN mobility (effectively enabling Network-Assisted method).
Proposal 4: For LTE/WLAN Aggregation, WLAN selection and mobility will be based on Network-Directed method.
Proposal 5: For LTE/WLAN Aggregation, the eNB can also disable UE signaling of intra-WLAN mobility decisions to the eNB for selected WLAN networks.
3. Conclusions and Proposals
In this contribution, we discussed WLAN selection and mobility and propose the following:

Proposal 1: WLAN identifiers for LTE/WLAN aggregation are provided by the eNB to the UE via dedicated (RRC) signaling. The set of identifiers will include BSSID, HESSSID, SSID, and channel number(s).
Proposal 2: For LTE/WLAN Aggregation, WLAN selection and mobility procedures are only specified for RRC_CONNECTED state. 

Proposal 3: For LTE/WLAN Aggregation, WLAN selection and mobility decisions will not be made by the eNB.
Proposal 4: For LTE/WLAN Aggregation, WLAN selection and mobility will be based on Network-Directed method.

Proposal 5: For LTE/WLAN Aggregation, the eNB can also disable UE signaling of intra-WLAN mobility decisions to the eNB for selected WLAN networks.
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