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1   Introduction
At RAN3#89 and RAN3#89bis the work on the LWA work item has started and the design of the Xw interface including a list of new procedures which are very similar to the one used for dual connectivity over X2 interface.

However the basics before initiating any of these procedures is to be able to setup the Xw interface like it is for the X2 interface. At RAN#89 it was agreed that the eNB would initiate the Xw setup interface. 

One essential open issue that has been listed is how can eNB determine the information enabling to setup the Xw interface? 

2 Discussion
Can we entirely rely on O&M to setup the Xw interface?

At RAN3#89 the use of DNS procedure was proposed in [1].

This was deemed too complex and it was not agreed at this stage and since no solution was agreed, the default is O&M. At this point it is worth looking at the history of LTE and SON.
At the beginning of LTE when the X2 interface was discussed the same question was asked: how to setup the X2 interface when an eNB1 discovers a neighbor eNB2? 

Several papers were produced as well. And the same solutions were put on the table.
The DNS solution had been proposed and also eliminated.

Back to the “default O&M” solution, companies at that time felt that this was not acceptable because it was denying one of the main interest of introducing LTE technology compared to previous generations of mobile networks which was newly using SON: SON meant decreasing the OPEX by relieving the operational team from much O&M burden when deploying the network by SON. 

SON in LTE was meant at that time to cover two segments: Self-configuration and self-optimization.  This can be found in TS36.300.
Of course a self configuration process cannot exist and rely 100% on its own i.e. there is always a minimum O&M to initiate a SON process.

Taking the example of LTE and self configuration of the S1 and X2 interfaces (see TS 36.300 section 23). The starting point is the configuration by O&M of the IP addresses of the MME in all eNBs. Thereafter SON kicks in. The S1 interfaces are setup allowing automatic exchange of S1AP application data. Once the S1 interface has been setup the setting of X2 interfaces is entirely automatic with the SON ANR process: when an eNB1 discovers a neighbour eNB2, it gets the eNB2 ID by UE report. Then eNB1 queries the target eNB2 over the previously setup S1 interface to learn an IP address of the eNB2 which enables to setup the X2 interface.   
Observation 1: one of the tenets of LTE has been the self configuration of the interfaces (S1 & X2) after a minimum of O&M.

Considering that one of the main advantages of LTE is that the horizontal neighbor relationships (X2 between two neighbor eNBs) have been entirely automated, it is not acceptable to fully rely only on O&M for the setting up of the Xw interface.
Extend the concept of ANR?

One can see WLAN APs as a new types of horizontal neighbours for eNBs towards which the Xw interface needs to be setup. WLAN AP(s) in LWA play the role of  SeNB(s) in DC. For SeNB in DC there was no issue because the SeNB was an eNB neighbour of the MeNB and therefore the X2 interface between them inherited from the benefit of the automatic X2 setup via ANR.

Similar principle is necessary when WLAN AP(s) replaces SeNB(s).

Whenever a UE reports to its serving eNB that it has detected a WLAN AP under its coverage, the serving eNB shall be able to retrieve the IP address to setup the Xw interface without resorting to O&M or DNS as was agreed for LTE.

In LTE ANR concept, the IP address of the discovered neighbour eNB2 is obtained by querying eNB2 over the S1 interface (eNB/MME Configuration Transfer procedure). 

The difference compared to LWA is that the WT is not supposed to be connected to the MME and a query over the S1 interface cannot be done. 

In contrast a WT node is expected to serve hundreds of WLAN APs (for scalability reassons).

Whenever a UE reports to its serving pico eNB1 that BSSID 30 has been detected, it is very likely that the WT node which connects to the WLAN AP of BSSID 30 is already known to the neighbours of eNB1 because that WT node is connected to other WLAN APs  which are under the coverage of eNB1’s neighbour eNBs. Therefore the neighbours of eNB1 have got already an Xw interface setup with WT and know the WT IP address and all the WT information.  

Observation 2: it is not possible to retrieve the WT information over the S1 interface in LWA but it should be possible to retrieve it from neighbour eNBs over the X2 interface.

Examples of possible extension of  LTE ANR concept into LTE-wifi ANR
One possible extension of the LTE ANR concept to LTE-Wifi can be that an eNB informs in advance its neighbour eNBs of all BSSIDs (of the WLAN APs) it currently knows. 

In the example below the eNB1 is already connected to WT and has received the list of BSSIDs of the WLAN APs over Xw which includes BSSID 30. 

In step 2 eNB1 forwards this list to its neighbour eNB2 together with the WT information such as WT IP@.

When a UE served by eNB2 reports detection of BSSID 30 in step 3 the eNB2 is able to setup automatically the Xw interface with WT in step 4 thanks to the information previously received.

The process is automatic.

Moreover, each eNB can keep an “up to date” list with the decision at last RAN3#89 that a WT can generate an Xw Configuration Update message to signal a new connected WLAN AP (and BSSID) as shown in step 6 below.
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Figure 1: transfer over X2 of the list of BSSIDs
One drawback of the above solution is the large list of BSSIDs which needs to be sent over X2; it has already been commented by email that the list is large for Xw transfer. Another drawback is the constant update in step 6 if a WLAN AP has been added.
One improvement could be to rely on the WLAN access network identifiers (e.g. HESSIDs) instead of BSSIDs. Indeed the WLAN APs of a given WLAN access network are supposed connected to a same WT.
This would simplify the diagram as below;
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 Figure 2: transfer over X2 of the HESSID
3 Conclusion 
This contribution has shown that fully resorting to O&M or DNS query to setup the Xw interface between an eNB and neighbor WLAN AP(s) would be a regression compared to the basics provided by LTE 4g networks.

It therefore proposes to discuss the extension of the LTE ANR concept to new types of eNB horizontal neighbors which are WLAN AP nodes in order to allow automatic setup of the Xw interface.

Given that the WT node is not connected via S1 interface, it is proposed to investigate solutions where the WT node information (IP address, BSSID(s) list or HESSID, etc..)  can be exchanged over the X2 interface between neighbor eNBs.

Example draft CRs are provided in [3]. 
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