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1   Introduction
Agreements have been reached in  RAN2#91 and RAN1#82 meeting  related to the measurements on RSSI, as follows [1]: 
· Agreement from RAN2#91

Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA The details of the RSSI measurement reporting should be discussed in stage-3. 

· Agreement from RAN1#82
For the UE reporting RSSI measurement in the unlicensed carrier, the timing where the UE may perform RSSI measurement should be indicated to the UE
– FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 
– The RSSI measurement timing configuration may be independently configured from the DMTC
– Note that RSSI is different from the existing RSSI
– FFS averaging granularity
– FFS additional RSSI measurement gap

This contribution discusses the issues in supporting RSSI measurement in LAA, such as measurement configuration, performing measurements, and measurement reporting.
2   RSSI measurement and report 

2.1   RSSI measurement performing
It has been agreed to “Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA”. The measurement of RSSI may be performed as depicted in the Figure 2 to calculate the percentage of time that RSSI vas above a threshold. Within an observation window, the UE calculates the percentage of RSSI measurement values exceeding a threshold and report the percentage to network on a reporting occasion. The network collects the reports from multiple UEs, and compares them with the RSSI results measured by eNB itself to detect if hidden nodes exist in the channel, and thus to decide if the channel should be used to deploy LAA SCell.
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Figure 2: RSSI measurement
As agreed by RAN1,”the timing where the UE may perform RSSI measurement should be indicated to the UE”.  If the timing pattern for RSSI measurement is configured, the UE may calculate the percentage over the samples obtained with several measurement timing window in the observation window as illustrated in Figure 3.
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Figure 3: RSSI measurements with measurement gap
Proposal 1: UE calculates the percentage of samples over a threshold within an observation window, and the observation window may comprise several RSSI measurement timing windows.
In the current measurement operation, Layer 1 is required to output a measurement result to L3 at UE in every measurement period, after averaging measurement samples in L1. The required number of L1 measurement samples is implementation based. L3 performs filtering and reports filtered result to network. For RSSI measurements, we consider the following options for L1/L3 processing:

Option 1: In every observation window, Layer 1 generates and reports measurement samples to L3 according to a sampling interval. L3 calculates the percentage of RSSI measurements value exceeding a threshold within the observation window and generates the measurement results without L3 filtering.
Option 2: The threshold may be configured to Layer 1, and in every observation window, Layer 1 performs measurement according to a sampling interval and calculates the percentage of RSSI measurement values exceeding a threshold within the observation window. The resultant percentage is reported to L3, and L3 uses the percentage as measurement result without L3 filtering.

Since usually L1 is required to perform sampling and L3 is required to perform threshold check, the option 1 is preferred.
Proposal 2:  Layer 1 is required to sample and report sample values to L3, L3 is required to calculate the percentage of RSSI measurement values exceeding a threshold within the observation window and generate the measurement result without L3 filtering. 
2.2   RSSI measurement configuration 

Regarding the measurement configuration for RSSI, it was agreed in RAN2#90 meeting that:

 “The eNB indicates which carriers(s) the UE should report RSSI for”. 

In addition to measurement carrier for RSSI, the following measurement parameters may be considered for RSSI measurement configuration.
RSSI threshold
This threshold is used for the UE to calculate the percentage of measurement samples exceeding a certain level. 
Measurement reporting period 

This may be configured for periodical RSSI measurement reporting as in legacy.
Proposal 3:  RSSI threshold and measurement reporting period are required for RSSI measurement configuration.
Measurement observation window
This observation window may be a fixed window such as 200ms, or this window may be identical to measurement reporting period. For the fixed observation window, there exists the case where measurement report period is larger than the measurement observation window, and the UE may need to report several percentage results in one measurement report. Therefore, it may be simpler to just have the observation window be the same as the measurement reporting period.
Proposal 4: RSSI measurement observation window can be made the same as the measurement reporting period.
Measurement sampling interval 
The measurement sampling interval impacts the power consumption and measurement accuracy. Longer measurement sampling interval saves power consumption but decreases the measurement accuracy, and vice versa. We can leave the measurement sampling interval to UE implementation. Or the measurement interval may be configurable so that the network can balance the power consumption and measurement accuracy. Furthermore, the network may compare the RSSI reports from UE with the RSSI results measured by eNB itself to evaluate if hidden nodes exist in the channel. Therefore, it would be beneficial if network and UE may use the same measurement sampling interval to perform RSSI measurement.
Proposal 5: Measurement sampling interval may be configured by network so that the UE and the network use the same measurement sampling interval to performing RSSI measurement.
Measurement Timing information 
As agreed in RAN1#82, the network needs to indicate the measurement timing information to UE to perform RSSI measurement. If the UE needs gap to perform RSSI measurement on a frequency, the measurement timing configuration shall be matched with gap configuration. 
Proposal 6: RSSI measurement timing configuration shall be matched with measurement gap configuration if gap is needed.
2.3   RSSI measurement reporting 

RSSI measured by UE is considered beneficial for eNB to detect the hidden node problem. These reports may be used by the network to perform carrier selection, taking into account of channel load observed at UEs. RSSI measurement and reporting can be triggered by network when the load on the serving frequency is getting heavy and the network intends to change the serving frequency. Once triggered, periodical reporting of RSSI measurement results can help the network to collect timely measurement results from UE for carrier selection. Furthermore, since carrier selection should be performed according to RSSI measurement results from multiples UEs, UE specific event triggered reporting does not make much sense. Therefore, periodical reporting should be supported for RSSI measurement.
Proposal 7:  Periodical reporting should be supported for RSSI measurement.
In addition to the measured percentage of RSSI values exceeding a threshold and averaged RSSI result, some additional information may also be considered in the RSSI measurement report.
Measurement sample number for RSSI report
Measurement sample number is essential to assess the accuracy of measurement results. Therefore, it is beneficial to include the number of measurement samples in RSSI report.

Proposal 8:  In addition to measured percentage of RSSI values above a threshold and averaged RSSI result, it is beneficial to also include the number of measurement samples.
3   Conclusion

In this contribution, we discussed RSSI measurement and report in LAA system, and made the following proposals:
Proposal 1: UE calculates the percentage of samples over a threshold within an observation window, and the observation window may comprise several RSSI measurement timing windows.
Proposal 2: Layer 1 is required to sample and report sample values to L3, L3 is required to calculate the percentage of RSSI measurements value exceeding a threshold within the observation window and generate the measurement result without L3 filtering. 
Proposal 3: RSSI threshold and measurement reporting period are required for RSSI measurement configuration.
Proposal 4: RSSI measurement observation window can be made the same as the measurement reporting period.
Proposal 5: Measurement sampling interval may be configured by network so that the UE and the network use the same measurement sampling interval to performing RSSI measurement.
Proposal 6: RSSI measurement timing configuration shall be matched with measurement gap configuration if gap is needed.
Proposal 7: Periodical reporting should be supported for RSSI measurement.
Proposal 8: In addition to measured percentage of RSSI values above a threshold and averaged RSSI result, it is beneficial to also include the number of measurement samples.
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