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1 Introduction

In the RAN plenary a WI has been approved which includes aggregation between WLAN and 3GPP and an enhanced WLAN/3GPP interworking feature based on measurement reports and traffic steering commands. Both of these features will be based on WLAN measurements in LTE. The measurement reporting was discussed at RAN2#91bis. In this contribution we discuss remaining open issues related to WLAN measurements.
Another aspect which is related to WLAN measurements and needs to be discussed is if Layer-3 filtering should be applied. This we discuss in [1].

2 Discussion

To be able to decide when to steer traffic to and from WLAN and when to aggregate traffic over WLAN, the eNB would need to receive WLAN measurements from the UE. As it has been agreed to introduce a set of WLANs for which WLAN based mobility is applied, which we refer to as a WLAN mobility set, the measurements would therefore be used to add and remove WLANs from the mobility set. 
Observation 1 WLAN measurements are used to add and remove WLANs from the UE's mobility set.
Below we first discuss some details regarding the WLAN measurement framework.
2.1 Further on events
For LWI it was in Rel-12 Study Item-phase agreed to have a WLAN measurement events considering also the PCell RSRP/RSRQ. The motivation for considering the PCell was that offloading may not be needed when the PCell is good enough, so in that case the eNB does not need a measurement report. For LWA this may not be needed though.
Observation 2 For LWI it is beneficial to consider PCell metrics in some measurement events.

RAN2 made some initial agreements on when the UE should send a measurement report, namely:

1. A WLAN becomes better than a threshold

2. All WLANs in the mobility set are worse than a threshold

3. Combination of 1 and 2 (i.e. a WLAN is better than a threshold1 and all WLANs in the mobility set are worse than a threshold2).
The concept of the mobility set was introduced as a compromise allowing the eNB to configure many WLANs in the set where WLAN based mobility can be applied, and also allowing a tighter operator controlled approach where the eNB only configures a mobility set with WLANs which the eNB considers good enough in order to guarantee a certain user experience.
For the approach with tighter control, it should be possible for the eNB to add WLANs when they are good enough (which is achieved by 1 above), but it should also be possible for the eNB to remove WLANs when they no longer are good enough. For this we need an event where the UE reports to the eNB when a WLAN (any WLAN) in the mobility set becomes worse than threshold so as that WLAN can be removed from the mobility set.
Of course, an alternative to the tighter controlled approach is that the eNB only maintains one single WLAN in the mobility set, but signalling can be reduced by allowing the scenario where the UE has several WLANs in the mobility set and they all are good enough.
Observation 3 For the network controlled mobility scenario it is beneficial to support a measurement event where the UE reports when any AP in the mobility set becomes worse than a threshold.
Based on the above we propose:
Proposal 1 Introduce the following measurement reporting events:

· PCell becomes worse than a threshold1 and a WLAN outside the mobility set becomes better than a threshold2

· PCell becomes better than a threshold1 and all WLANs in the mobility set becomes worse than a threshold2

· PCell becomes better than a threshold1 and any WLAN in the mobility set becomes worse than a threshold2

· All WLANs in the mobility set becomes worse than threshold1 and a WLAN outside the mobility set becomes better than a threshold2

As indicated above, that the UE considers the PCell is addressing the LWI use case and hence it should be configurable whether the UE considers the PCell, we therefore propose:

Proposal 2 The eNB may omit the threshold for the PCell and the UE then only considers the WLAN conditions.

2.2 Measurement object

The measurement object indicates what the UE should measure on. In LTE this is a frequency indicator. For WLAN measurement reporting, RAN2 agreed that the measurement object should be WLAN identifiers and WLAN band/channel indicators. In case SIB17 is broadcasted the eNB would not need to send the whole SSID in the measurement object (which may be very large), rather the eNB could just indicate which of the broadcast identifiers the UE should measure on. 

Proposal 3 The eNB tells the UE in the measurement object, which broadcast identifier the UE shall measure on.
2.3 Report content
It was discussed at RAN2#91bis whether or not the UE should include measurement results of the serving WLANs. If we would stick to the existing RRM measurement framework this would of course be supported, e.g. today the UE reports measurements for all serving cells (PCell and all SCells). If the UE does not provide this information it will not be possible for the eNB to know when LWA/LWI should be stopped.

Further, it seems artificial for the UE to not include the measurements of the WLANs in the mobility set as these are the WLANs which the UE is monitoring for the sake of mobility and hence measurements for these are already available in the UE.

Proposal 4 The UE includes WLAN measurements for the WLANs in the mobility set.

RAN2 agreed to report a WLAN identifier in the measurement report so as to make the eNB aware of which WLAN a certain reported value applies to.

Proposal 5 The UE indicates the index of the SSID the measurement result is applicable to by referring to the broadcast identifiers, if available.
It was proposed in Rel-12 that it should also be possible that the UE reports measurements for other WLANs than those indicated by the network. This would for example be helpful for ANR-purposes. However, this has also the additional benefit that the eNB can be made aware of if there are non-operator WLANs in the same area which may cause interference or which will occupy the channel and hence make offloading less beneficial/wanted.
For these other WLANs (i.e. those which do not belong to the operator) it would probably not be necessary to include the SSID though, as this would create unnecessary overhead.
Proposal 6 If configured, the UE shall, along with measurements for the network indicated WLANs, also include measurements for other WLANs which it has detected.

According to current measurement framework the UE will report a configurable number of "best" cells. We assume that the same thing will be applied to the WLAN measurement reporting, i.e. that the UE will report a limited number of WLANs. However, a difference between WLAN and existing LTE measurement reporting is that in LTE there will be only one operator on the indicated frequency and hence all the "best" cells are applicable. However, for WLAN, there could be non-operator WLANs on the frequency that the UE is measuring and hence the UE may end up in a scenario where none of the "best" cells belong to the operator.
To avoid that the UE sends a report with only non-operator WLANs the UE should ensure to include the operator WLANs (or rather, network indicated WLANs) first in the report and then include other WLANs if there is room left in the report. For example, if the UE is configured to report the 8 best cells, and it finds 3 operator WLANs and 17 non-operator WLANs the UE should include the 3 operator WLANs in the report then it can include 5 of the other WLANs in the report.

Proposal 7 In the measurement report, the UE shall include the network indicated WLANs first in the report, and other WLANs can be included if there is room left in the report.

As the measurements are used to add/remove WLANs from the mobility set the UE should report best neighbour WLANs such that these can be added to the mobility set, and UE should report the worst serving WLANs such that these can be removed from the mobility set.

Proposal 8 The UE reports a list of neighbour WLAN APs (i.e. BSSIDs) in order of how good they are (best neighbour WLAN AP first).

Proposal 9 The UE reports a list of serving WLANs APs (i.e. BSSIDs) in order of how poor they are (worst serving WLAN AP first).

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Introduce the following measurement reporting events:
-
PCell becomes worse than a threshold1 and a WLAN outside the mobility set becomes better than a threshold2
-
PCell becomes better than a threshold1 and all WLANs in the mobility set becomes worse than a threshold2
-
PCell becomes better than a threshold1 and any WLAN in the mobility set becomes worse than a threshold2
-
All WLANs in the mobility set becomes worse than threshold1 and a WLAN outside the mobility set becomes better than a threshold2
Proposal 2
The eNB may omit the threshold for the PCell and the UE then only considers the WLAN conditions.
Proposal 3
The eNB tells the UE in the measurement object, which broadcast identifier the UE shall measure on.
Proposal 4
The UE includes WLAN measurements for the WLANs in the mobility set.
Proposal 5
The UE indicates the index of the SSID the measurement result is applicable to by referring to the broadcast identifiers, if available.
Proposal 6
If configured, the UE shall, along with measurements for the network indicated WLANs, also include measurements for other WLANs which it has detected.
Proposal 7
In the measurement report, the UE shall include the network indicated WLANs first in the report, and other WLANs can be included if there is room left in the report.
Proposal 8
The UE reports a list of neighbour WLAN APs (i.e. BSSIDs) in order of how good they are (best neighbour WLAN AP first).
Proposal 9
The UE reports a list of serving WLANs APs (i.e. BSSIDs) in order of how poor they are (worst serving WLAN AP first).

A CR implementing the WLAN measurements according to the proposals in this document is provided in [2].
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