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1
Introduction
One topic in the scope of the enhanced LWA [1] work item is Automatic Neighbor Relation (ANR) for LWA e.g. for discovery of WLANs under eNB coverage. 
In this contribution we discuss relevant use cases for WLAN ANR for LWA and how these can be solved using UE measurement reporting. 
2
Discussion
2.1
ANR use cases

The main purpose of WLAN ANR for LWA is to let the eNB acquire information about the AP/BSSIDs usable for LWA in its coverage area in an efficient manner. RAN3 has so far assumed that the information about APs within its coverage can be done via measurements and/or OAM, but that may not always be very efficient from RAN2 viewpoint. We see at least that in the following use cases, the above-mentioned information can be beneficial and therefore those use cases are relevant for the ANR functionality for LWA:

1. Configuring relevant WLAN mobility sets for UEs
2. Tracking WLAN failure events
2.1.1
Configuring relevant WLAN Mobility Sets (MS) for UEs
After the selection of the WT and setting up the Xw-interface, the eNB will get information about the Mobility Sets (MS) from the WT. This MS information is created mainly from the WLAN architectural limitations point of view and may consist of Mobility Sets that include a large number of BSSIDs. When the eNB configures the LWA, it signals a MS to the UE. If the eNB would use the MS provided by the WT without knowing which of the BSSIDs are in its coverage area, the MS would be unnecessarily large. Some of the BSSIDs could never be reachable in the coverage area, some of the BSSIDs may be reachable occasionally (e.g. when they are not off) and some of the BSSIDs may be reachable but not accessible by a specific UE. Further, The RRC signalling also places some limits on the MS size: In Rel-13, the mobility set may consist of up to 32 (combinations of) WLAN identifiers, so there can easily be a need to ensure only relevant APs are included. Hence, there is a clear need and motivation to collect information from UEs as to which of the BSSIDs are actually beneficial to include in the UE-specific MS. This also ensures unnecessary BSSIDs are not configured to the mobility measurements.

· 
Further, it is possible that the WLAN network configuration is sometimes updated, e.g. new APs are installed or SSIDs are (re)configured to the WLAN network. The ANR functionality can therefore be run to find out, which of these updates should have an impact to the configuration that the eNB defines for its served UEs and which of these changes have impacts that are out of the reach of the served UEs anyway.

· 
As some BSSIDs may be in the coverage border areas of two or more eNBs, it is also possible that the eNB exchanges information with its neighbour eNB(s) to get reliable picture of the BSSIDs relevant for LWA.
Observation 1: Due to the UE RRC signalling limits, there is a need to ensure the (UE-specific) mobility sets only contain relevant WLAN APs. ANR can be used for that purpose.
2.1.2
Tracking of WLAN failure events

In Rel-13, WLAN status reporting e.g. for failure events were specified for LWA. These failure events may happen in conditions where it is beneficial to get them reported fast and without too long information elements. Therefore, it was specified that the failure reports will not include accurate information of the BSSID nor signal measures of the conditions in which the failure(s) actually happened. ANR functionality could provide thorough information about the failure events, so that the eNB could avoid some of these WLAN/AP/BSSIDs by the updated LWA configurations. If failures repeatedly appear with a known BSSID in known conditions (for known UE), eNB could avoid configuring LWA in these conditions or e.g. remove such BSSID from LWA use entirely for some time. Another major failure is a UE failing in authentication to a specific WLAN network. Such persistent failure should be avoided by not configuring UE to unnecessarily measure this network and even more importantly avoid an attempt to configure LWA for it.
Observation 2: Tracking the WLAN failure conditions allows eNB to adapt to changing conditions, and is a clear use case for ANR.

3
Potential WLAN ANR Solutions
The solutions for WLAN ANR can be based on those measurement types, which are already in use in the legacy solutions, i.e. Rel-13 LWA and corresponding WLAN and other UE measurements, with some Rel-14 updates to include WLAN specific measurement definitions. The different possibilities for using these existing measurement types are shown below, and discussed in this section.
1. WLAN measurement reporting

2. Mobility history reporting

3. Logged MDT measurements
3.1
ANR using WLAN measurement reports
ANR functionality can partly be based on the rel-13 measurement reports, which the eNB anyway typically configures for the UE before configuring LWA. These measurement reports alone are not sufficient for all ANR purposes because:

· reports are very dynamic and typically only configured when necessary, 
· reports are typically only provided at a defined event trigger occurs (periodic reporting is not fully supported for WLAN measurements), 
· the reports may be configured only for a small set of BSSIDs (due to limitations in MS size as well as small WLAN cell sizes).
· the reports will provide partially redundant information when reported by multiple UEs. 
· typically when attempting to do measurements for the purpose of configuring LWA, it is beneficial for the eNB to be able to limit the set of MeasObject to only include the relevant BSSIDs to measure, whereas ANR measurements are needed from a large set of BSSIDs. 
· the ANR measurement set also needs to be able to include an unknown set of potential BSSIDs to search to detect deployment changes and coverage borders. 
Observation 3: The WLAN ANR measurements may require a wider set of reported BSSIDs than typical RRM WLAN measurements used for purpose of triggering LWA configuration.
3.2
ANR using WLAN Mobility History report
One possibility for ANR would be to use a WLAN Mobility History report (similar but different to the legacy mobility history report) in order to generate list entries at the UE when the UE recognizes an allowed BSSID. There is no other configuration needed except to let the UE know which WLANs are the allowed ones (SSID and/or HESSID) to include into the WLAN mobility history report. As the mechanism is supposed to be always active at LWA capable UEs, no additional measurements as such are configured. The WLAN mobility history report is simply storing the relevant information that is available when an allowed BSSID is recognized by the UE. The number of the list entries can be limited to avoid storing and sending too much information per UE. The stored entries need not be specially managed (or deleted) but the oldest list entry can easily be dropped when the newest is added to the list. A list entry e.g. contains the eNB Cell-ID (or ECGI) and WLAN BSSID, HESSID, SSID. Time of visibility and other available information, if available at the UE may be added if considered reasonable. The UE will indicate in RRC message if new list entries were added since the last report retrieval to the eNB. The eNB may retrieve the report when recognizing availability of the report or any time when it is beneficial for the eNB.    
Observation 5: The WLAN mobility history report could be used to evaluate which BSSIDs are within the eNB’s and its neighbours’ coverage area.

3.3
ANR using Logged Measurement report
The LoggedMeasurements appear necessary, because they can serve all the ANR use cases discussed in Section 2. In addition, the use case of tracking the failure events would not happen by the normal measurements because they do not detect the failing BSSID. The LoggedMeasurements can provide information from a large set of BSSIDs of interest for the eNB(s). The ANR functionality could be efficiently based on UE tracing and searching certain BSSIDs on a longer run, so that the UE can report to the eNB, whether UE can discover it or not. If the UE can discover a BSSID while searching and tracing, the UE can provide exact additional information, in which conditions this happened. Differently from the Rel-13 WLAN measurements, the LoggedMeasurements have the benefit that they can be run as a background process in the UE and it leaves the UE WLAN implementation full freedom, when and how to execute the requested measurements. It is known that UE WLAN implementations include many optimisations (e.g. for power saving reasons), how and in which intervals the WLAN scanning happens. The use of LoggedMeasurements for the ANR functionality does not set specific requirements for the UE WLAN implementation in this respect. In addition, LoggedMeasurements are particularly suitable for reporting search results of BSSIDs that cannot ever be found in the coverage area. The LoggedMeasurements may be defined to include reports relevant for a single eNB coverage only, if so preferred, or it could be defined more broadly to report a list concerning several eNBs. The reported information may include WLAN SSID, HESSID or BSSID in any defined resolution.
ANR measurements can include e.g.:
· Whether a given BSSID was found or not.

· Operating channel (operating class) of the BSSID.
· RSRP measure [range] while BSSID was received with WLAN RCPI higher than a threshold.

· RSRP measure [range] while BSSID was received with WLAN RSSI higher than a threshold.

· Additional list of other BSSIDs (e.g. under a given SSID) or other WLAN networks found.
When the NB configures ANR measurements to the selected UEs as Logged measurements, the eNB can control from how large UE population of its served UEs it will request this information and during which time intervals ANR should be performed. The eNB can hence load as small number of UEs with these measurements as feasible. On the other hand, the eNB can gradually (but temporarily) increase the number of measuring UEs, if it does not seem to get sufficient information in decent time. Some of the benefits of logged measurements reside in the fact that the WLAN scan and search happens fully according to the specific UE implementation and is not impacted by the WLAN ANR functionality. The UE will store the detected WLAN network identities found under the serving cell coverage area and at the later point in time, report them to the RAN that originated the request.
Observation 6: Using logged MDT reporting for WLAN ANR would fit the context of MDT and allow eNB to obtain large amount of information for the WLAN coverage, while leaving how to do the measurements to UE implementation.
Proposal 1:
Rel-14 LWA ANR functionality should support at least UE MDT logged measurement reports, as configured by the eNB.
Proposal 2: It is proposed that RAN2 discusses the most efficient reporting format for the UE measurements for LWA ANR, including the mechanisms for configuring and reporting.

4
Conclusion

Following the discussions in Section 3, we conclude that for solving the ANR use cases discussed in Section 2, it is beneficial to utilize support from the UE by enhancing the measurements where needed and by defining the LoggedMeasurements to include WLAN information. We have observed the following:
Observation 1: Due to the UE RRC signalling limits, there is a need to ensure the (UE-specific) mobility sets only contain relevant WLAN APs. ANR can be used for that purpose.
Observation 2: Tracking the WLAN failure conditions allows eNB to adapt to changing conditions, and is a clear use case for ANR.
Observation 3: The ANR measurements may require wider set of reported BSSIDs than typical measurements used for purpose of triggering LWA configuration.

Observation 4: The WLAN mobility history report could be used to evaluate which BSSIDs are within the eNB’s and its neighbours’ coverage area.
Observation 5: Using logged MDT reporting for WLAN ANR would fit the context of MDT and allow eNB to obtain large amount of information for the WLAN coverage, while leaving how to do the measurements to UE implementation.
Therefore, we propose: 
Proposal 1:
Rel-14 LWA ANR functionality should support at least UE MDT logged measurement reports, as configured by the eNB.
Proposal 2: It is proposed that RAN2 discusses the most efficient reporting format for the UE measurements for LWA ANR, including the mechanisms for configuring and reporting.
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