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1 Introduction

In the RAN plenary a WI had 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 these features will be based on WLAN measurements in LTE. In this contribution we discuss scenarios in which WLAN measurements are needed and how the existing RRM measurement framework can be adapted to support WLAN measurements.
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. Both solutions, i.e. interworking and aggregation, can be based on the same common WLAN measurement framework. 

Below we first discuss some scenarios which we believe need to be supported for efficient operation of WLAN interworking and aggregation, and then look into details around the measurements and the common measurement framework
2.1 Supported scenarios

In the scenario below, a UE is entering WLAN coverage. To make the eNB aware that the UE can steer/aggregate traffic over WLAN, the UE should report to the eNB when the WLAN has become better than a configured threshold, similar to measurement event A4.
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Proposal 1 If configured, the UE shall report to the eNB when the neighbour WLAN becomes better than a threshold.
In the scenario below the UE is leaving WLAN coverage. To make the eNB aware that the UE should steer traffic from WLAN to 3GPP or stop WLAN aggregation, the UE should report to the eNB that the WLAN has become worse than a threshold, similar to measurement event A2.
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Figure 2: UE moves out of WLAN coverage.

Proposal 2 If configured, the UE shall report to the eNB when the serving WLAN becomes worse than a threshold(s).
In the scenario below the UE moves from a green WLAN (e.g. a first WLAN network, or a first WLAN AP) to an orange WLAN (e.g. to another WLAN network, or another WLAN AP) and the UE should steer traffic from the green WLAN to the orange WLAN or start aggregating over the orange WLAN instead. For the eNB to know when the eNB should trigger the UE to steer from the green to the orange WLAN the eNB needs to know when the serving WLAN becomes unsuitable and a neighbour WLAN becomes suitable. 
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In case the orange WLAN is on the same frequency as the green WLAN, then an A3-like event can beneficial to apply where the UE compares the serving WLAN and a neighbour WLAN. If the neighbour WLAN is an offset better than the serving WLAN the UE should be steered to the neighbour WLAN.

Proposal 3 If configured, the UE shall report to the eNB when a neighbour WLAN becomes offset better than the serving WLAN.

If the orange WLAN is on a different frequency than the green WLAN, e.g. the orange is on 5 GHz and the green is on 2.4 GHz, then it would not be suitable to compare the, e.g. signal strengths, of the neighbour WLAN and the serving WLAN. Instead, like the A5 event in LTE, traffic steering in this case can be done by letting the UE report when a neighbour becomes better than a threshold and the serving node becomes worse than another threshold. We therefore propose that this should be applied also for WLAN measurement reporting.
Proposal 4 If configured, the UE shall report to the eNB when a neighbour WLAN becomes better than a threshold and the serving WLAN becomes worse than a threshold.
2.2 Adjusting current measurement framework to support WLAN measurements
According to the current RRM measurement framework specified in RRC, the eNB configures the UE with a measurement configuration. The measurement configuration contains:

· Measurement object – What to measure on (e.g. frequency/cells).

· Reporting configuration – Reporting criterion and reporting format.
· Measurement identities – Linking between a measurement object and a reporting configuration.

· Quantity configurations – Defined measurement quantities and information about how to do filtering.
· Measurement gaps – Periods when the UE may perform the measurements in case the UE cannot perform the measurements simultaneously.

We don’t think that any measurement gaps will be needed to perform WLAN measurements as we assume a separate radio for WLAN compared to for LTE, and if there would be a problem then the IDC feature can always be applied to address any IDC problems. Further, the measurement identities are just a linking between measurement objects and reporting configuration and we foresee no change for this linking when we introduce WLAN measurements. Generally, we believe that the current RRM measurement framework with its measurement configuration should be reused as much as possible. Below we will go through details for how the existing measurement framework, and the remaining configuration items, can be adapted to support also WLAN measurements.
2.2.1 Measurement object
We assume that the measurement framework for WLAN measurements should be based on how inter-RAT measurements are done today, for example how UTRA measurements are done in LTE. For UTRA measurements the eNB can indicate which cell indices the UE shall consider as neighbouring cells. This would for WLAN translate to that the eNB indicates which WLAN identifier(s) the UE shall consider as neighbour WLANs.
To avoid unnecessary changes it would be possible to reuse the WLAN identifiers broadcasted by the network and the eNB would indicate in the measurement configuration which WLANs the UE shall trigger a measurement reporting event for. E.g. if the eNB broadcast the following WLAN identifiers:

1. SSID A

2. SSID B

3. SSID C

And if the eNB wants the UE to report measurements for SSID B and SSID C, the eNB could indicate that identifier 2 and 3 should be applied, and there is no need to indicate the whole SSIDs again in the measurement configuration as this would create a lot of unnecessary signalling overhead.

Proposal 5 The eNB can indicate in the WLAN measurement object which WLANs (BSSID/SSID/HESSID) the UE shall trigger a measurement reporting event for, by referring to the broadcasted identifiers.

In LTE the eNB can also indicate which frequency the UE shall consider. To apply this to the WLAN measurements, the eNB would need to be aware of which carrier frequency the target WLANs is using. During the Study Item in Rel-12 RAN2 discussed whether it would be realistic for the eNB to know this, but no clear conclusion was reached. What has changed since Rel-12 is that we in Rel-13 are considering also aggregation between the LTE and WLAN and in that case there must be an interface between the two which enables the eNB to know the carrier frequency used by the target WLAN. Hence we think that it is now feasible to assume that the eNB can know the carrier frequency used by the WLAN and hence the eNB can indicate this to the UE in the measurement object. With this information the UE can avoid scanning other frequencies and hence save power. Further it can limit the number of measurement reports in case the eNB is only interested in measurements for WLANs at a certain frequency/frequencies.
Proposal 6 The eNB can indicate in the WLAN measurement object which carrier frequency or frequencies the UE triggers a measurement reporting event for.

2.2.2 Reporting configuration
In Rel-12 RAN2 added the following WLAN related metrics to be used for WLAN/3GPP Radio interworking:

· WLAN Beacon RSSI

· BSS load

· UL backhaul rate

· DL backhaul rate

We assume that the Rel-13 WLAN measurement framework can also use these metrics as they are already defined. However, the eNB may not consider it important to trigger a report considering all these metrics, instead maybe the eNB in some situations only want that the UE considers WLAN Beacon RSSI and BSS load when triggering the report. Hence we propose:
Proposal 7 The eNB can configure which metric(s) (out of, at least, WLAN Beacon RSSI, BSS load, UL backhaul rate, DL backhaul rate) the UE shall consider when triggering a measurement report.
Regarding what is included in the report the eNB may not need to consider all these metrics when doing the offloading/aggregation decision (e.g. the backhaul rates may already be known to the eNB or the eNB may not need this metric as input to the offloading decision). Also to acquire the backhaul rates the UE need to perform an ANQP request to the AP and this can be costly both in terms of UE battery consumption and time. The eNB should therefore be able to select which of the metrics the UE shall report.

Proposal 8 The eNB can configure which metric(s) (out of, at least, WLAN Beacon RSSI, BSS load, UL backhaul rate, DL backhaul rate) the UE shall include in the measurement report.

In the measurement report the UE needs to indicate some type of WLAN identifier along with the measurement results. In LTE today this is a list of cells (and their PCIs) and the corresponding measurement result. In some scenarios, such as in the aggregation scenario, the eNB would need to know which particular WLAN AP the measurement is relevant for, therefore it should be possible to indicate the BSSID of the WLAN APs.

Proposal 9 The UE shall report a list of BSSIDs and the corresponding measurement in the measurement report.
Since the eNB may not be aware of which SSID/HESSID an AP belongs to (at least this seemed to be the common understanding in Rel-12) the UE could indicate which SSID/HESSID each BSSID belongs to. For example, the eNB of an operator may be made aware of the SSID used in an area but would probably not know each BSSID in the area as it would probably be very costly for the operator to ensure that the eNB is made aware of when new APs are added/removed. Therefore the UE needs to report to the eNB which SSID/HESSID is applicable to the BSSID. Of course, the whole SSID of each measurement would probably not be suitable to be sent, so we assume the UE should indicate which of the broadcast WLAN identifiers are applicable to the measurements.
Proposal 10 The UE indicates in the measurement report which of the broadcasted WLAN identifiers are applicable for the measurements.

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 as this would create unnecessary overhead.
Proposal 11 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 the 8 best cells. We assume that the same thing will be applied to the WLAN measurement reporting. 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 8 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 8 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 all detected 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 in a situation where 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 12 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.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
If configured, the UE shall report to the eNB when the neighbour WLAN becomes better than a threshold.
Proposal 2
If configured, the UE shall report to the eNB when the serving WLAN becomes worse than a threshold(s).
Proposal 3
If configured, the UE shall report to the eNB when a neighbour WLAN becomes offset better than the serving WLAN.
Proposal 4
If configured, the UE shall report to the eNB when a neighbour WLAN becomes better than a threshold and the serving WLAN becomes worse than a threshold.
Proposal 5
The eNB can indicate in the WLAN measurement object which WLANs (BSSID/SSID/HESSID) the UE shall trigger a measurement reporting event for, by referring to the broadcasted identifiers.
Proposal 6
The eNB can indicate in the WLAN measurement object which carrier frequency or frequencies the UE triggers a measurement reporting event for.
Proposal 7
The eNB can configure which metric(s) (out of, at least, WLAN Beacon RSSI, BSS load, UL backhaul rate, DL backhaul rate) the UE shall consider when triggering a measurement report.
Proposal 8
The eNB can configure which metric(s) (out of, at least, WLAN Beacon RSSI, BSS load, UL backhaul rate, DL backhaul rate) the UE shall include in the measurement report.
Proposal 9
The UE shall report a list of BSSIDs and the corresponding measurement in the measurement report.
Proposal 10
The UE indicates in the measurement report which of the broadcasted WLAN identifiers are applicable for the measurements.
Proposal 11
If configured, the UE shall, along with measurements for the network indicated WLANs, also include measurements for other WLANs which it has detected.
Proposal 12
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.


Figure � SEQ Figure \* ARABIC �1�: UE moves in to WLAN coverage.





Figure � SEQ Figure \* ARABIC �3�: UE moves from green WLAN to orange WLAN.
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