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Discussion and decision
1 Introduction

This contribution discusses the RRM measurement framework for WLAN, taking the agreements from the previous meeting as a starting point. The contribution is furthermore based on certain assumptions regarding user plane handling, as discussed in [2] e.g. affecting the need for measurement reporting while the UE autonomously moves beteen APs within the WLAN AP set configured by E-UTRAN.
2 Discussion

2.1 Starting points

RAN2 has made progress regarding WLAN aggregation/ integration a.o. resulting in the following agreements:

· 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, i.e., the UE may perform mobility transparent 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
General/ deployment scenario’s
We assume the standard should accommodate different WLAN AP deployments. In particular, we assume that the APs within a configured WLAN AP set may not be overlapping. This means that a UE configured with a WLAN AP set that leaves coverage of a WLAN AP may not detect any other WLAN AP i.e. it may (temporarily) be out of WLAN service. In other words, there may not be continous coverage within the WLAN AP set area.
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Fig. 1: WLAN aggregation deployment cases

UP assumptions
In another paper [2] we discuss user plane aspects concerning a UE configured with a WLAN AP set configuration. A quick summary of our assumptions/ proposals:

· 
The WLAN AP set may be configured while the UE is not in WLAN coverage.
· 
A UE configured with a WLAN AP set may not have any WLAN data transfer ongoing. Moreover, this is not just an exceptional/ failure case.
· 
Upon initial configuration, data transfer starts after the WT informs the MeNB that the successfully connected (i.e. performed WLAN association/ registration)

· 
Upon leaving (coverage of) a WLAN AP, the UE triggers a PDCP status report. E-UTRAN may subsequently suspend data transfer via WLAN

· 
In case the UE re-connects to another WLAN AP, the MeNB may resume data transfer upon receiving the same indication from WT as upon initial configuration performs (i.e. WT generates this upon UE performing association/ registration)
· 
In case the condition of ‘out of WLAN coverage’ persists for certain duration, the UE initiates an SCG failure report. Upon receiving this, E-UTRAN may decide to change DRB type and/ or release or change the WLAN AP set

UE capabilities and temporary restrictions
In another contribution [3] we have some discussion about UE capabilities. In summary, our assumptions/ proposals are as follows:

· 
The UE indicates the WLAN frequencies it supports by signalling for each country the supported operating classes (concerns a certain set of channels)

· 
When there are temporary restrictions regarding the WLAN frequencies supported by the UE e.g. due to UE preferences, the UE might provide a separate indication i.e. other than SCG failure (FFS, for RAN2 to conclude)
Note
The UE does not support simultaneous operation on multiple WLAN carriers i.e. neither intra- nor inter- band combinations

2.2 RRM measurement framework

General
In WLAN specifications UE operation is typically defined by operating classes (set of channels). In DC the UE is configured with SCells on a particular frequency. A first question is thus whether the WLAN AP set may comprise multiple WLAN channels. We think that by default WLAN conventions should be adopted i.e. we should deviate from WLAN conventions only only if their use introduces problems/ issues. As UE autonomous procedures are used for mobility within the WLAN AP set, including multiple channels does not affect the network. Given WLAN conventions, we assume there is no real need for the network to restrict the channels/ sub-bands the UE may operate on. Furthermore, we also assume an operator may deploy more than one operating class. In such case the operator should not be restricted to provide full coverage by each of the operating classes deployed. This means it should be possible to configure the UE with a set of WLAN APs covering more than one operating class. Hence we propose:

Proposal 1
The WLAN AP set may not only comprise multiple WLAN channels but also include channels belonging different WLAN operating classes
Regarding measurement, LTE convention is to configure the UE to measure one or more particular frequencies. Moreover, precise performance requirements are specified that depend on the number of frequencies configured by E-UTRAN. Although aggregation may be considered to suggest somewhat tighter control, as indicated before, we assume that generally WLAN operation should follow WLAN conventions as much as possible. So far we have not identified a strong need for introducing UE measurement requirements per individual WLAN channel, and hence we again prefer to follow WLAN conventions (as e.g for GERAN). Furthermore we have not identified any particular need to restrict measurements to a particular operating class. In fact, it would be desirable if the UE could be configured to report the best cell across multiple operating classes.Hence we propose:
Proposal 2
An individual WLAN measurement the UE is configured with may cover one or more WLAN operating classes, each comprising a set of WLAN channels

An important thing to note is that an implication of these proposals is that a single measurement may comprise both intra- and inter frequency measurements. The only way to avoid this would be to restrict both the WLAN AP set and the measurement object to a single frequency. Some further considerations are provided in the following section discussing the RRM measurement events.

Whitelist

A further aspect concerns what to specify regarding the WLAN APs the UE is configured to report measurement results for. We think there is a need for the standard to support the following options:

a) Report any detected WLAN AP

b) Only report specific WLAN APs i.e. a whitelist of WLAN APs is provided

We furthermore think it is sufficient if both the mode (i.e. option a or b) as well as the whitelist of WLAN APs is provided per measurement object (rather than per individual channel) as reflected by the following proposal:

Proposal 3
Per measurement object (may cover multiple operating classes and channels), the UE can be configured to report measurents results either for any detected WLAN AP or for a set of specifically listed WLAN APs (whitelist)

2.3 RRM measurement events

Setup/ release of WLAN AP (set)
Although other implementations may be possible, we assume E-UTRAN typically configures WLAN aggregation when the UE enters coverage of a WLAN AP and hence propose:

Proposal 4
Introduce RRM measurement to report UE enters a WLAN AP (i.e. WLAN AP above thresh) a.o. for initial configuration of the WLAN AP set

Another question is whether there is a need to introduce a measurement to assist release of the WLAN AP set. In particular, the question is whether E-UTRAN should release WLAN aggregation when the UE leaves coverage of a WLAN AP. It may be more appropriate to maintain the configuration but just temporarily suspended data transfer as the UE may re-enter coverage of another AP of the same set. The WLAN AP set may however comprise a single entry i.e. when using full network control/ no UE autonomous mobility. We assume that for such a case there is a need to introduce RRM measurement to release the WLAN AP configuration and hence propose:

Proposal 5
Introduce RRM measurement to report UE leaves a WLAN AP (i.e. serving WLAN AP below thresh) a.o. for release of WLAN AP comprising single entry (i.e. full network control)

Change to AP outside WLAN AP (set)
In certain deployments, the UE may detect another WLAN AP/ outside the current WLAN AP set while configured with WLAN aggregation. Assuming that APs controlled by different WT might be partially overlapping, there seems a need for an RRM measurement by which E-UTRAN can ensure the UE is configured with the best AP on the frequency. We think this would normally be done by a relative measurement i.e. WLAN neighbour offset better than WLAN serving AP.

As indicated in the previous, we propose that both WLAN AP set and measurement object may cover multiple WLAN channels. This implies that a single measurement may comprise both intra- and inter frequency measurements. We further note that WLAN channels may be overlapping, as shown in Fig. 2. This seems to suggest that it is not obvious that the requirement to be on the best cell on a frequency is restricted to a single channel i.e. it may also apply to some inter frequency cases.
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Fig. 2: Graphical representation of Wi-Fi channels in the 2.4 GHz band (source: Wikipedia)

Considering this, we think the measurement to cover change of WLAN AP set should support relative comparison i.e. WLAN neighbour offset better than WLAN serving AP (change of WLAN AP set).

Proposal 6
Introduce RRM measurement to report UE moves to other WLAN AP (set) i.e. WLAN neighbour AP offset better than WLAN serving AP.

Given that both WLAN AP set and measurement object may cover multiple WLAN channels, and that E-UTRAN is not informed about mobility within the WLAN AP set, the UE should include both serving and neighbouring AP channel (depending on need). In LTE it is possible to configure an offset that is specific to the combination of serving and neighbouring frequency. When a single measurement covers different combinations of serving and neighbouring frequencies, it is however not possible anymore to configure such pair specific offsets. We assume this is not a real problem. At most it may merely result in somewhat prematurely triggered measurement reports (possibly with some periodic follow-on reports) i.e. for some channel pairs might just result in some additional signalling. Hence propose:

Proposal 7
The UE includes both serving and neighbour AP channel, at least if WLAN AP set or WLAN object covers multiple channels.

Summary
The following table provides an overview of the measurements events for WLAN aggregation proposed in this contribution.
	No
	Description
	Use case
	Comment

	B.x
	WLAN AP better than Thresh 
	Entering coverage of WLAN AP (above thresh) e.g. initial configuration or change of WLAN AP set
	Either any AP or specified list of AP (possibly excluding configured WLAN AP set)

	B.y
	Serving WLAN AP below thresh
	Leaving coverage of WLAN AP i.e. release of WLAN aggregation/ configured WLAN AP set
	

	B.z
	WLAN neighbour AP offset better than WLAN serving AP
	Moving to other WLAN AP (set)
	


3 Conclusion & recommendation
This contribution discusses the RRM measurement framework for WLAN aggegation/ interworking. It includes the following proposals, that RAN2 is requested to discuss and conclude:

Proposal 1
The WLAN AP set may not only comprise multiple WLAN channels but also include channels belonging different WLAN operating classes

Proposal 2
An individual WLAN measurement the UE is configured with may cover one or more WLAN operating classes, each comprising a set of WLAN channels

Proposal 3
Per measurement object (may cover multiple operating classes and channels), the UE can be configured to report measurents results either for any detected WLAN AP or for a set of specifically listed WLAN APs (whitelist)

Proposal 4
Introduce RRM measurement to report UE enters a WLAN AP (i.e. WLAN AP above thresh) a.o. for initial configuration of the WLAN AP set

Proposal 5
Introduce RRM measurement to report UE leaves a WLAN AP (i.e. serving WLAN AP below thresh) a.o. for release of WLAN AP comprising single entry (i.e. full network control)

Proposal 6
Introduce RRM measurement to report UE moves to other WLAN AP (set) i.e. WLAN neighbour AP offset better than WLAN serving AP.

Proposal 7
The UE includes both serving and neighbour AP channel, at least if WLAN AP set or WLAN object covers multiple channels.
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