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1 Introduction
In the LAA study item RAN2 concluded that RSSI measurements are useful to detect hidden nodes, however how and when to report RSSI was left to be discussed in the work item phase. In this paper we discuss in more detail around how and when RSSI should be reported by the UE.
2 Discussion
During the discussions in the study item there are two main use cases for RSSI measurements:

A. The eNB should evaluate whether to keep or remove an LAA cell from a certain carrier.

B. The eNB should select which out of a set of carriers a new LAA cell should be added to.

Regarding A, we assume that existing mechanisms can be used to judge whether to keep or remove an LAA cell from a certain carrier. The eNB could for example do this from CQI measurements, BLER, and its own measurements. Hence we assume that the main use case for RSSI measurements is to select which carrier an LAA cell should be added to.
When selecting which carrier an LAA cell should be added to, the eNB will have to find suitable LAA carriers with few other nodes in proximity and preferably low load. To find such channels an eNB may temporarily measure on candidate carriers and attempt to detect other LAA cells, WLAN APs, etc. 
However even if the eNB finds a carrier that the eNB perceives as empty, there may be hidden nodes and which create downlink interference as well as make the UE drop uplink transmissions as the UE’s LBT mechanisms by occupying the channel. Hidden nodes cannot be detected by the eNB and need to be reported by the UE.

Observation 1 The main use case for RSSI is to select which carrier a new LAA cell should be added to.

During the study item it was discussed briefly how RSSI should be reported. Most companies seemed to agree on that an average RSSI measurement is not sufficient to detect hidden nodes as completely different situations could result in the same averaged RSSI, e.g. a very active node far away from the UE would give the same average RSSI value as a node which is close but not very active.
Observation 2 Average RSSI by itself is not always sufficient to determine which carrier should be used.

The problem with hidden nodes also exists in WLAN. To find hidden nodes it was introduced in the IEEE specifications a “Noise Histogram Report”. For this report the UE measures the noise in a channel and reports how often the noise is at different levels. The noise histogram report contains 11 buckets and the UE indicates how often during the measurement period that the measured power is in the different buckets.
	10.11.9.4 Noise Histogram Report

If dot11RMNoiseHistogramMeasurementActivated is true and a station accepts a Noise Histogram Request, it shall respond with a Radio Measurement Report frame containing one Measurement (Noise Histogram) Report element. The Noise Histogram Report shall contain the IPI densities observed in the channel for the IPI levels defined in Table 8-84.

To compute the IPI densities, the STA shall measure the IPI in the specified channel as a function of time

over the measurement duration when NAV is equal to 0 (when virtual CS mechanism indicates idle channel) except during frame transmission or reception. The time resolution of the IPI measurements shall be in microseconds. The IPI densities are then computed for each of the nine possible IPI values using:
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where


DIPI is the duration receiving at the specified IPI value (µs)


DM is the measurement duration (TU)


TNAV is the total time that NAV is nonzero during the Measurement Duration (µs)


TTX is the frame transmission time during the Measurement Duration (µs)


TRX is the frame reception time during the Measurement Duration (µs)

The sum of the IPI densities is approximately 255. If either the NAV is nonzero, or if there is frame

transmission, or if there is frame reception throughout the entire measurement duration period, no reportable IPI values are measured, and all IPI Densities shall be set to 0 in the Measurement Report element.

A STA shall include in the Noise Histogram Report an average noise power indicator (ANPI) value representing the average noise plus interference power on the measured channel at the antenna connector during the measurement duration. The STA may use Noise Histogram IPI density values to calculate ANPI. The IPI densities in the Noise Histogram Report may be used to calculate an average noise power for the channel during the measurement duration. This calculated average IPI power value may be reported as the value for ANPI. Any equivalent method to measure ANPI may also be used. ANPI power is defined in dBm using the same accuracy as defined for RCPI.
ANPI may be calculated over any period and for any received frame. ANPI may be calculated in any period and at any time by filtering all PHY IPI values in a MAC filter to exclude IPI values received when NAV is nonzero. These filtered IPI values represent idle channel noise and may be stored in a first-in-first-out (FIFO) buffer to facilitate ANPI calculation over a fixed number of IPI samples. ANPI may be so calculated upon receipt of any frame and may be used with RCPI to calculate RSNI for any received frame. Any equivalent method to measure ANPI may also be used to calculate RSNI for any received frame.
If dot11RMNoiseHistogramMeasurementActivated is false, a station shall reject the received Noise Histogram Measurement Request and shall respond with a Noise Histogram Measurement Report with the Incapable bit in the Measurement Report Mode field set to 1.
If dot11RMNoiseHistogramMeasurementActivated is true and if a Noise Histogram Reporting Information subelement is included in a Noise Histogram Request, the STA shall respond with a Noise Histogram Report if the indicated Noise Histogram Reporting Condition is true. Otherwise the STA shall not respond with a Noise Histogram Report.


The noise histogram is useful to the AP because the report reveals how often a UE is expected to be interfered by hidden nodes, and if so how strong the interference would be. An STA may experience sporadic but strong noise on a certain carrier while experiencing frequent weak interference on another carrier. The AP may for example select the weak and highly loaded channel and using a robust MCS if that is suitable. 
Observation 3 In the 802.11 specifications a noise histogram report was introduced to assist the AP in channel selection.

As the purpose of the RSSI measurement is to find hidden nodes, which is the same purpose as what the IEEE specification uses the noise histogram for; we suggest that we should adopt a similar report also for LAA.
Proposal 1 RSSI measurements should be reported as a histogram.

Hidden nodes may both create interference for the UE in downlink and cause the UE to back-off in uplink. For downlink would be valuable to know how strong the interference is how often and therefore have several buckets in the histogram. On the other hand, for uplink it is only interesting to know how often the UE will back-off due to a busy channel and hence it is sufficient to have only two buckets, one for below the CCA-threshold and one above the CCA-threshold.
The number of buckets needed depends on if the cell should be used for DL and/or UL. And even though we in this work item focuses on DL it is also said that we should be forward compatible so that UL for LAA SCells can be added in the future. Hence we think that we should support to have a configurable number of buckets for the histogram report.
Proposal 2 The number of buckets in the histogram report is configurable by RRC.
Even though RSSI measurements are expected to be simple and relatively quick to obtain, the eNB will usually not want them for all carriers. For example, when performing carrier selection, the eNB will be interested in carriers on which it is currently not operating a cell but on which it would generally be able to configure one. Therefore the eNB should be able to configure RRM RSSI measurements for a set of carriers, i.e., as for other LTE RRM measurements, it configures a measurement object for the candidate carriers. 
Proposal 3 The eNB indicates which carriers(s) the UE should report RSSI for.

As elaborated above, we expect that RSSI measurements will primarily be used for carrier selection and that will typically be triggered by the eNB (e.g. when the load and interference on the current serving cells is too high). On the contrary, we do not expect the eNB to perform carrier selection as soon as the interference observed by UEs becomes particularly low. Therefore we do not see a need for event-based RSSI measurements; instead periodic RSSI measurements seem to be sufficient.
Proposal 4 The UE reports RSSI histograms periodically when configured (i.e. no measurement events which trigger upon good/bad RSSI conditions are required). 

According to current specifications the UE applies layer 3-filtering to all RRM measurements. This ensures that a temporary spike/drop in the measured quantity (e.g. RSRP) does not trigger the UE to send a measurement report; rather the UE should send a report due to a change on a longer time scale.

As RSSI should be reported as a histogram, layer 3 filtering cannot be applied as the result would be a single filtered value which is not the intention for RSSI measurements (as explained above). Therefore we propose:
Proposal 5 Layer 3-filtering is not applied to RSSI measurements for RSSI histogram reporting.
3 Conclusion

Based on the discussion in this contribution we propose the following:
Proposal 1
RSSI measurements should be reported as a histogram.
Proposal 2
The number of buckets in the histogram report is configurable by RRC.
Proposal 3
The eNB indicates which carriers(s) the UE should report RSSI for.
Proposal 4
The UE reports RSSI histograms periodically when configured (i.e. no measurement events which trigger upon good/bad RSSI conditions are required).
Proposal 5
Layer 3-filtering is not applied to RSSI measurements for RSSI histogram reporting.


A CR capturing the agreements from this contribution is found in [1].
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