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1 Introduction
RAN2 has agreed to introduce RSSI measurement reporting for example to assist the eNB to detect hidden nodes in LAA scenarios. RAN2 agreed that average RSSI reporting should be supported and that the eNB should be able to provide a threshold to the UE and the UE reports how often the RSSI is above/below that threshold.

It is still open whether one or more thresholds should be supported which we discuss in this paper.
2 Discussion
If the eNB is interested in configuring a carrier for UL communication, to judge how suitable a channel is the eNB would need to know how often the UE is expected to be able to transmit in the channel. This depends on how often the UE sees that the RSSI is above/below the CCA-threshold. Hence, for UL, a single threshold (i.e. the CCA threshold) is sufficient.

Observation 1 If a channel would be used only for UL then one threshold is sufficient.

However, for DL communication it is not relevant whether the RSSI is above/below the CCA threshold. Rather the RSSI report is used to tell how frequent and how strong interference the UE would experience from hidden nodes. To determine this it is not sufficient to have only one threshold.
The figure below shows an example scenario where multiple thresholds are needed. In this scenario a green eNB is going to select either a blue or an orange carrier to setup a cell in to communicate with the green UE. In the blue channel there is a blue hidden node which has low load and in the orange channel there is an orange hidden node which has high load.
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The UE would experience sporadic but strong interference in the blue channel and frequent but weak interference on the orange channel and these channel conditions are very different and even though the average RSSI and the channel occupancy could be similar as shown below in the figures below.
In the figures below we see the RSSI measurements for the blue and orange channels. It can be seen that the UE has made 10 RSSI samples for each channel and calculated an average RSSI value for the channels and channel occupancy (i.e. percentage of time the RSSI is above the CCA threshold which is the red dashed line). Both the average RSSI and channel occupancy are similar even though the characteristics are very different. Only with multiple thresholds it is possible to see the difference.
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Observation 2 For DL, it is beneficial to have several thresholds rather than one threshold for RSSI reporting.

Some companies where concerned about the complexity of supporting multiple thresholds compared to reporting "channel occupancy". But to use several thresholds does not add significant complexity compared to having one threshold as in both cases the UE sees whether a sample is within certain ranges and calculates a percentage value for how often this have happened during a measurement period; having two or e.g. five ranges would not make a significant difference.
There were also some concerns expressed towards the size of the report if we have several thresholds. In case the UE should be able to indicate the channel occupancy with 1 % granularity then, for each threshold the UE need to report 6 bits per threshold. This is negligible in an LAA-scenario.

Since there is no significant difference in complexity or report size, and since supporting both is beneficial in some scenarios, we propose:

Proposal 1 Multiple thresholds should be supported for RSSI measurement reporting.

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
Multiple thresholds should be supported for RSSI measurement reporting.
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.


If the proposals in this contribution are agreed then the CR in [1] can be used as baseline.
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Figure � SEQ Figure \* ARABIC �1�: Hidden node example scenario.





Figure � SEQ Figure \* ARABIC �2�: Blue channel RSSI measurements.





Figure � SEQ Figure \* ARABIC �3�: Orange channel RSSI measurements.









3/3


