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1 Introduction

According to the latest RAN3 agreements [1][2], we should identify possible additional scenarios and use cases where coordination involving 3GPP RATs and WLAN would be useful. RAN3 should also investigate which information (if any) may be useful to steer UEs between a 3GPP RAT and WLAN.

This paper will try to analyze one such scenario and propose a possible strategy to cover it in the scope of the Multi-RAT Joint Coordination SI.
2 Discussion
Let us consider the case of an eNB which has a certain number of WLAN APs in its neighborhood. The coverage area of the eNB overlaps with the coverage area of the APs. According to its position and channel condition, a UE may receive the signal from one or more APs, as well as from the eNB. Such a scenario is shown in Figure 1.
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Figure 1 An eNB deployed near several APs, with at least partially overlapping coverage.

The UE detects a WLAN AP in the coverage area, so there is the issue of whether it should move its PS traffic to WiFi. Currently available functionality to support this scenario includes ANDSF and the solution being now specified by RAN2
.
It would be beneficial, however, to be able to exchange information within a “cluster” made of an eNB and a number of APs to be able to react better to e.g. quick traffic changes. Such a mechanism might enable some functionality to e.g. dynamically adapt the thresholds used in the RAN2 solution for different APs in the cluster. This might provide better resource utilization and a better user experience. 
Let us investigate the possible ways to achieve coordination between the eNB and each AP. We can start by addressing the following questions:
1) How is the eNB aware of the APs deployed in its neighborhood, including their capacity?

2) How is the eNB aware of their load (i.e. available capacity)?

In general, this information could be provided via the following mechanisms:
a) eNB configuration (i.e. the eNB receives the information e.g. via OAM);

b) UE reporting (i.e. the UE receives the information from WLAN AP broadcast and signals it to the eNB over the Uu interface);

c) eNB “listening” to the WLAN bands (i.e. the eNB receives the information from WLAN AP broadcast);

d) Network interfaces / “discovery” procedures between the eNB and the AP.

We will look at each mechanism, to see if it can be effectively used to convey the information mentioned above.

2.1 eNB Configuration
In principle, an eNB can be configured via OAM with the SSID and capacity (or capacity class) of the APs (e.g. a table having one entry per AP).
Concerning the WLAN SSID, an operator will most likely use the same set of SSID(s) for all its deployed APs (e.g. “homerun”, “attwifi”, “VerizonWiFi”, “orange”, “CMCC”, etc.), and this is not likely to change during the course of operation of the eNB. A similar argument might be used for AP capacity (or capacity class), although reconfiguration would be necessary when APs are upgraded to a higher capacity, added or removed.
Conveying the available AP capacity to the eNB through configuration seems not feasible, since this parameter is subject to change over time according to the traffic situation.

Observation 1: eNB configuration seems to be adequate for AP SSID. Configuring the eNB with neighbor AP capacity (or capacity class) is possible but scalability will be problematic. Configuring the eNB with available AP capacity seems not feasible.
2.2 UE Reporting

WLAN APs that support Hotspot 2.0 have at least two load reporting mechanisms: the BSS load and WAN metrics elements. BSS load is broadcasted by the AP, and WAN metrics can be enquired from the AP by the UE.

The BSS load element is part of the original IEEE 802.11 standard, and provides information about AP population and current over-the-air traffic levels; it is used for vendor-specific AP-selection algorithms. It has a “Channel Utilization” field, which indicates the amount of time that the AP senses the medium as busy.
The WAN metrics element is one of the extra features added in HotSpot 2.0 on top of the IEEE 802.11u amendment. It provides information about the uplink/downlink WAN (backhaul) speed and load for the AP.

By combining information from the two elements, one may get an indication of the expected WiFi data rate in certain scenarios. However, this information is not very reliable by itself, because:

· Interference from other radio sources (e.g. microwave ovens) will affect the utilization reports;

· All UEs associated with the AP are included in the station count, regardless of their activity level
;

· Any estimation based on this information would be implementation-specific.
Observation 2: Information broadcasted by HotSpot 2.0 APs may give an indication of the expected WiFi data rate; this information, however, is not very reliable by itself.
A possible solution could be to allow the UE to report the measured BSS load and WAN metrics over Uu (which is currently not possible) and perform the estimation in the eNB, also taking into account additional information e.g. received from the AP itself over network interfaces. This will improve estimations greatly. This is discussed in Sec. 2.4 below.
2.3 eNB Listens to the WLAN Bands

In this case, it is the eNB that listens to or queries the APs, receiving the information mentioned in Sec. 2.2 and estimating available AP capacity. This mechanism also has some criticalities, namely:
· The eNB will only receive information from APs it is capable of listening to over the radio. Coordinating with any other APs, therefore, will not be possible using this mechanism alone.

· Also in this case, estimations by the eNBs are implementation-specific so different eNBs listening to the same AP may give different values.

Due to the issues above, even though it may be feasible to implement a WLAN network listener in the eNB, relying only on this mechanism does not seem practical.
Observation 3: Relying only on a WLAN listening functionality in the eNB limits the scope of coordination and yields implementation-specific results.
2.4 Network Interfaces / Discovery Procedures
In this case, APs and eNBs “discover” each other through network interfaces, but some level of UE reporting as discussed in Sec. 2.2 is involved. This mechanism seems conceptually similar to the ANR functionality in LTE. In very generic terms, it might consist of two phases:

1. A “UE-eNB phase” where the UE senses the AP, queries its parameters, and reports the information to the eNB ;

2. An “eNB-AP phase” where the eNB receives AP parameters.
We notice that the first phase requires that the UE does not make an autonomous decision and that it reports AP parameters to the eNB. 

Observation 4: A mechanism based on network interfaces and discovery procedures seems to involve introducing a new UE behavior; this is out of scope for RAN3.

On the other hand, the second phase is fully under RAN3 responsibility. It seems, however, that its usefulness without the first phase may be very limited. On the other hand, the complete mechanism described above would in principle enable WiFi to be considered almost like a 3GPP RAT, providing better multi-RAT coordination and better inter-RAT mobility.
Observation 5: A mechanism based on both “UE-eNB” and “eNB-AP” phases would provide better inter-RAT coordination and mobility.
Observation 6: A mechanism based only on the “eNB-AP” phase without a “UE-eNB” phase first seems less useful.
3 Conclusions and Proposal
In this paper we have analyzed a very generic eNB-WLAN coordination scenario and discussed four possible mechanisms to convey AP information to the eNB: eNB configuration, UE reporting, eNB “listening” to the WLAN bands, and Network interfaces / discovery procedures. All mechanisms discussed seem to have varying degrees of criticality.

A mechanism involving network interfaces and discovery procedures may have some potential (since it could resemble current ANR functionality), but it involves modifying UE behavior. Without this element, its usefulness seems limited.
We therefore propose:

Proposal 1: Incorporate Sec. 2 into TR 37.870 [2].

Proposal 2: RAN3 should continue studying the mechanisms above, considering the possibility of discussing with RAN2 the possible modification of UE behavior for Rel-13.
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� At a minimum, the only information the eNB needs to know for the RAN2 solution to work is the AP SSID, which it then broadcasts to UEs. The UEs will look for that SSID and take the most appropriate action also taking into account the thresholds configured by the network. Incidentally, the RAN2 functionality is expected to work also for UMTS; for simplicity, this contribution only discusses the LTE case.


� This issue is due to the shared-access characteristics of WiFi. If e.g. the channel utilization is 100% and there are 10 UEs but only one has active traffic, a new UE can expect to get approximately 50% of the medium once it starts using the AP. On the other hand, if all ten UEs are active, the new UE will get only about 1/11 (~9%) of the medium.





