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1
Introduction

The LWA ANR topic was discussed during RAN3#91bis, with an initial summary document in [1]. This document further discusses the open issues and likely requirements related to ANR.
2
Use cases for LWA ANR
The text proposal in [1] reflects a number of the discussion points at RAN3#91bis. In particular, it provides a definition of a successful LWA neighbour relation, which could be summarised as follows:

· eNB knows the association of WLAN identifiers to WTs, and is able to initiate connectivity to the required WTs 

We should also note that the LWA neighbour list (in conjuntion with other information) may be used to construct the Mobility Set for each UE. We assume that a Mobility Set should include WLAN identifiers that are under the same WT; therefore a correct construction of the Mobility Set implies also the above (knowledge of WLAN-WT mapping)
. In addition, the construction of a suitable Mobility Set may imply further functionality, which is closely related to ANR.
In [1], there is also an initial list of the steps required to add a LWA neighbour relationship. These are (without FFSs):
1.
The UE sends a WLAN measurement report. This report contains WLAN identifiers.
2.
The eNB decides to add this neighbour relation, and can use WLAN identifiers to:

a
Lookup a transport layer address to the new WT.

b
Update the LWA Neighbour Relation List.

c
If needed, setup a new Xw interface towards this WT. 
As there are could be many variants depending on system design and deployment, it is useful to consider use cases. We can see at least three variables: whether there are single or multiple WTs, whether the eNB is provisioned a-priori with WT IDs and respective transport layer addresses, and whether the WT provides a full set or limited set of identifiers on Xw setup. To simplify the use cases, we assume below that the WTs are provisioned at the eNB: however this is not critical since it could be assumed that the eNB has access to a server providing this information based e.g. on BSSID. 
Use Case 1: Full set of identifiers (single or multiple WTs)
As noted, we assume that all the WT addresses are provisioned in the eNB. Then the eNB can initiate all the required Xw’s. For each WT, it is possible that it can provide a list of WLAN identifiers (up to 4096) which will contain a superset of all WLAN identifiers that could be visible to the UE in coverage of the eNB cells. 
For this use case, the ANR functionality as described is effectively not required, or can be bypassed. The real problem becomes the one of assigning the UE’s Mobility Set (since this is limited to 32 identifiers). This could indeed be based on analysis of UE reports, thus differentiating e.g. APs that are reported when the UE is in coverage of each cell.
Note that, if the WTs are not provisioned, then a mapping discovery process would be needed for the first detected AP for each WT. 

Observation 1: In some use cases, most of the ANR functionality is not required, and instead the main problem is the assignment of the Mobility Set (i.e. the trimming of the WLAN identifier set known at the eNB).
Use case 2: Reduced set of identiers (single or multiple WTs)
In this case the WTs provide a reduced set (e.g. based on known eNB location), which could in principle correspond to the APs within coverage. However it is possible that APs under coverage of neighbours (or in eNB border areas) may not be included. In this case the eNB may be able to construct a Mobility Set fairly easily, but it now has the reverse problem that some APs may appear that were not provided by any WT. Note that in an extreme case, the WTs could provide very reduced sets.
The eNB may therefore rely on UE reports not only to fine tune neighbour list and mobility sets, but also to identify WLANs in coverage. Note that the relevant WTs may already be known.

Here there may be a gap in functionality: the eNB cannot be sure that it may include the newly discovered APs in the Mobility Set, so it needs to find the relationship between APs and the WTs (but NOT in order to set the Xw). Of course, if the mapping discovery process exists, this can also be used in this case even if the Xw already exists.
A related functionality is the exchange of known APs (including WTs) between neighbour eNBs as discussed in [2]. This would also help to construct the Mobility Set for UEs near cell borders.
Observation 2: The mapping of BSSIDs to WTs may be important even if the Xw is already set up, and may help also with construction of the Mobility set.

Observation 3: Inter-neighbour exchange of WLAN APs may also be helpful for Mobility Set construction.
3
Impact Aspects

From the above we can outline relevant functionalities and their impacts if any:

· UE reporting analysis (classical ANR): fundamental to initiate the system if the WTs are not provisioned directly in the eNB, and useful to fine tune a UE’s mobility set (and establish real neighbour relationships in case a large set of identifiers is known). No direct impact on RAN3 signalling. 
· BSSID to WT mapping (including TLA discovery): fundamental to start up the system if the WTs are not provisioned directly in the eNB. No direct impact on RAN3 signalling.

· LWA neighbour exchange: useful for mobility set optimization at neighbour borders. Some impact on X2 signalling.

· Checking WT ownership of WLANs: useful for new WLAN additions and mobility set optimization if the WTs provide trimmed WLAN information. The impact could be either on Xw, or alternatively reuse the BSSID-WT mapping process (former may be needed if WT addresses are provisioned at the eNB, i.e. no mapping is supported). On Xw, either a new functionality can be added for WT to check the ownership or this process can be a part of a new functionality where WT confirms the mobility set. The latter approach can benefit both mobility set contruction in addition to ANR functionality.
4
Conclusions

This document has reviewed some aspects of the ANR process in respect of WLAN discovery and Xw setup, as well as construction of an efficient mobility set. Section 3 outlines the summary of the relevant functionality. Out of this, we can see two possible impacts on RAN3 signalling:

· LWA neighbour exchange over X2
· WT ownership check over Xw

We suggest that these aspects be discussed further. In addition, the general process (including all the functionalities described above) should be captured in stage 2 specifications.
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� In principle it is possible to signal a mobility set spanning multiple WTs towards the UE, and also perform multiple addition procedures towards each WT. However the eNB would not be able to know which WTs are serving the UE as it moves between APs served by different WTs, and would need to rely on measurement and status reports in order to decide which transport bearers to use. Therefore, Rel-13 LWA required that a mobility set is served by only one WT.
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