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1 Introduction

In order to provide the full flexibility needed for LTE-WLAN aggregation, support for autonomous setup and information exchange over Xw needs to be specified. This paper provides further analysis.
2 Discussion
According to current RAN2 agreements [3], the eNB provides the UE with a group of APs (e.g. by SSID, HESSID or BSSID) among which WLAN mobility mechanisms apply while still supporting aggregation or interworking (i.e. the UE may perform mobility within this group of APs transparently to the eNB). UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE.

The Xw interface can be set up e.g. following radio measurement reports by WLAN-enabled UEs to the serving eNB (e.g. ESSID, BSSID, channel, signal strength, etc.).

2.1 Interface Setup
We should discuss and specify which node is responsible for Xw interface setup (and transport layer establishment). It seems obvious that such node will require a suitable mechanism to look up the TNL address of the other node. There could be three possibilities:

1. The eNB initiates Xw setup towards the WT;

2. The WT initiates Xw setup towards the eNB;

3. Both the eNB and the WT may initiate Xw setup towards each other.

As was already noted [3], it is possible for the eNB to configure the UE to measure WLANs and to obtain their relevant parameters; the eNB may use this information to set up Xw to the appropriate WT(s) as needed. It therefore seems straightforward to allow the eNB to initiate Xw setup.
Proposal 1: The eNB initiates Xw setup toward the WT as needed, e.g. following UE measurements.
We should consider whether the WT should be also allowed to initiate Xw setup toward one or more eNBs. However, there some notable differences, including:

· The eNB and the WT have different roles, so the Xw cannot be a “peer-to-peer” interface like X2;

· In order for the WT to “discover” an eNB, it might be required for the UE to signal e.g. its serving eNB ID to the WLAN AP it connects to, but this cannot be specified since it is out of 3GPP scope.
For the reasons above, it does not seem justified to allow the WT to initiate Xw setup.

Proposal 2: The WT does not initiate Xw setup towards the eNB.
2.2 WT Address Look-Up

There is currently no way for the eNB to correlate the WLAN information reported by the UE with the appropriate TNL address(es) required to set up the Xw interface. Since Rel-12 an eNB can be configured with the ESSID(s) or BSSID(s) present in its neighborhood, to be broadcasted in a SIB as assistance data for UEs, but this information is not useful for setting up network interfaces.
It seems appropriate for the eNB to use a local WNRT (WT Neighborhood Relationship Table) with the relevant information for each WT, as shown in Table 1.

	WT RNL Identifier (e.g. WT ID)
	TNL Address(es)
	Broadcasted ESSID(s)
	Broadcasted BSSID(s)


Table 1 Possible structure for the WNRT.

Proposal 3: The eNB should use a local WNRT (WT Neighborhood Relationship Table) with the relevant identifiers for each WT, to set up Xw interfaces.
A number of options are possible to set up, populate and maintain the WNRT, including:

· Configuration – a WT may be physically implemented in a WLAN AP, in which case this seems particularly unfeasible for high numbers of APs. In case the WT resides in the WLAN AC, however, this might be acceptable: an eNB will coexist with a very limited number of ACs in a given area and their TNL addresses are not subject to change.

· Make the MME aware of the WLAN deployment – In principle, we could envisage e.g. extending the S1AP SON configuration transfer so that the eNB can look up WT addresses through the MME. But the only way the MME would know the TNL address of a WT is through local configuration, so this would merely shift the burden of configuration to the MME. Furthermore, this would impact the EPC, thereby violating the WI objectives. But most importantly, this would violate current specifications which require the MME not to interpret the SON configuration transfer information
· DNS query – In this case the eNB looks up the TNL address querying a local DNS server starting from the information reported by the UE. This involves mapping e.g. a reported ESSID to a WT FQDN that can be queried to the DNS server, which then replies with the relevant TNL address(es).

Proposal 4: RAN3 should discuss the issue of WT TNL address look-up and evaluate the different options, ruling out MME involvement.

2.3 DNS Query

Looking up WT TNL addresses through DNS queries of course requires deploying a DNS function within the operator’s network domain. The eNB can construct DNS queries starting from the WLAN information reported by the UE, e.g. following a set of operator-dependent rules and policies. An example of how this can be accomplished is shown below.
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Figure 1 A possible signaling flow for a DNS query from the eNB (successful lookup case).

1. The eNB configures the UE to measure WLANs;

2. The UE reports measured WLAN information, including ESSID(s) (e.g. “Operator WLAN”) and BSSID(s);

3. The eNB constructs the tentative WT FQDN (e.g. “wt28.operator.domain.net”) starting from the reported information and some operator-specific rules;

4. The eNB initiates a DNS query toward the DNS including at least the tentative WT FQDN;

5. The DNS retrieves the WT TNL address(es);

6. In case there is a match, the TNL address(es) are signaled back to the eNB, otherwise a failure is signaled;

7. The eNB uses the received TNL address(es) to initialize SCTP toward the WT if needed;

8. Xw Setup is triggered if needed.

Some observations on the above procedure:

· There is no impact on the EPC, hence it is fully in line with the WI scope;

· It scales well for high numbers of APs; 

· The eNB and the DNS have to be configured according to the same rules, which depend on the operator’s choice of addressing and naming;
· A similar solution is currently described for HNBs: the HNB reports its location information to the HMS (various types of information may be reported, including radio measurements) and the HMS may answer back with e.g. one or more IP addresses for the appropriate HNB GW [4];
· Initiating an equivalent procedure toward e.g. the eNB OAM instead of a DNS server would also serve the purpose, closely resembling the description in [4].

Proposal 5: Querying a DNS or the eNB OAM to resolve WT TNL address(es) is a feasible option (it is, in fact, already described in RAN3 specifications).
3  Conclusions and Proposals
In order to build LTE-WLAN aggregation functionality similarly to the specified Rel-12 DC capabilities, an autonomous Xw setup and information exchange mechanism is needed. We have discussed some issues and possible options to address them. Our proposals are summarized below.
Proposal 1: The eNB initiates Xw setup toward the WT as needed, e.g. following UE measurements.

Proposal 2: The WT does not initiate Xw setup towards the eNB.
Proposal 3: The eNB should use a local WNRT (WT Neighborhood Relationship Table) with the relevant identifiers for each WT, to set up Xw interfaces.
Proposal 4: RAN3 should discuss the issue of WT TNL address look-up and evaluate the different options, ruling out MME involvement.

Proposal 5: Querying a DNS or the eNB OAM to resolve WT TNL address(es) is a feasible option (it is, in fact, already described in RAN3 specifications).
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