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1   Introduction
In 3GPP TSG RAN #68 meeting, the work item of “Work Item on Licensed-Assisted Access to Unlicensed Spectrum” was approved in [1] including the following objectives:

The detailed objectives of the work item are to specify support for the following functionalities:

· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)

· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)

· UE support for carrier selection (RAN1, RAN2)

In addition, Agreements have been reached in RAN2#90 meeting  related to the measurements on RSSI, as follows [1]: 
4
For the purpose of detecting hidden node in channel selection UE reporting of RSSI measurements to the eNB is considered useful.
 
The details of the RSSI measurement reporting should be discussed in stage-3. 

5
The eNB indicates which carriers(s) the UE should report RSSI for.
This contribution first analyses the use cases of RSSI measurement, and then 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   Scenarios for RSSI measurement 
Figure 1 illustrates an example of RSSI measurements for serving LAA frequency and candidate frequency:
· LAA Node1,2,3 and WIFI/inter-operator Node4 are on  LAA serving frequency 1;
· The Pcell and LAA Scell of UE are on LAA Node1, LAA Node1 is the serving LAA Node;
· LAA node 2 is close to LAA node 1 and UE; 
· LAA Node 3 and WiFi/inter-operator Node 4 is close to UE, but far away from LAA Node 1;
· LAA Node 5 and WIFI/inter-operator Node 6 are on LAA candidate frequency 2, but far away from LAA Node 1, hence cannot be sensed by LAA Node 1.
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Figure 1: RSSI measurement for candidate LAA frequency and serving LAA frequency
Before LAA candidate frequency is selected as LAA serving frequency, there is no reference symbol for RSRP/RSRQ reporting. RSSI measurement and reporting from UE can be used by eNB to evaluate whether to use the candidate frequency as serving frequency. For example, in this scenario, the RSSI measurement on LAA candidate frequency 2 by UE reflects the transmission received from the LAA node 5 and node 6, which are hidden nodes to the serving LAA Node, as they cannot be sensed by LAA node1.
Observation 1: RSSI measurement could be used to evaluate the load on candidate frequency, including the contributions from hidden nodes.

For serving LAA frequency, DRS or reference symbol in data can be used for RSRP/RSRQ measurment. Since the interference reflected by RSRQ mainly comes from the potential hidden node and other background noise, the hidden node effect could be detected based on RSRP/RSRQ measurements. For example, in this scenario, the interference comes from Node 4 and LAA Node 3 when RSRP/RSRQ measurement is performed. Hence, the measurement results could reflect the effect of hidden nodes of LAA node 3 and Node 4. 

Observation 2: for serving LAA frequency, RSRP/RSRQ measurements could be used to detect hidden nodes.

In addition, for serving LAA frequency, RSSI measurement in the duration when DRS and data are not being transmitted on LAA serving frequency can also be used for carrier load observation. This measurement can help eNB perform direct comparison between the candidate frequency and the serving frequency, and furthermore perform proper carrier selection. For example, in the scenario above, the RSSI measurement by UE when LAA serving Node is not transmitting on frequency 1 reflects the power received from the LAA Node 2, LAA node 3 and node 4. The RSSI measurement by UE on LAA candidate frequency 2 reflects the power received from the LAA node 5 and node 6. The serving LAA node 1 could make comparison between frequency 2 and frequency 1 and decide whether to change serving frequency to frequency 2 or not.
Proposal 1: for channel selection, the RSSI measurement on the serving LAA frequency shall be performed during the period when the serving LAA cell is not transmitting.
In addition to the RSSI measurement performed during the period when the serving LAA cell is not transmitting for channel selection, the UE is still required to perform RSSI measurement when DRS or frame burst is transmitting for RSRQ, CSI calculation. As the example above, the RSSI measurement for RSRQ or CSI calculation by UE in DRS and data part on LAA serving frequency 1 reflects the power received from the LAA node 3 and node 4. Given the assumptions in this example, interference from LAA node 3 is from intra-operator and LTE RAT, interference from node 4 is from inter-operator or WIFI RAT. As LTE can resist and cancel some interference from intra-operator and LTE RAT, e.g, using NAICS or interference randomization, it may be beneficial if the reception power from intra-operator could be excluded during RSSI measurement in DRS and frame burst on LAA serving frequency. 

Proposal 2: RSSI measurement may exclude the reception power from intra-operator node during RSSI measurement in DRS and frame burst on LAA serving frequency.
2.2   RSSI measurement 

Since unlicensed channel is usually a time-division channel, RSSI levels can be quite different between channel-busy duration and channel-idle duration. Averaging RSSI samples over channel-busy duration and channel-idle duration does not reflect the percentage of time the channel is occupied.  One metric to reflect the channel usage is the percentage of RSSI measurement samples exceeds a threshold within the observation window, as depicted in the figure 2:
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Figure 2: RSSI measurement
The UE could calculate the percentage of RSSI measurement values exceeding a threshold within the observation window and report the percentage to network on the report occasion. The network could collect the reports from multiple UEs, and compare them with the RSSI results measured by eNB itself to detect if hidden nodes exist in the channel, and thus decide if the channel should be used to deploy LAA SCell.

If the UE needs measurement gap to perform RSSI measurement, the UE may calculate the percentage over the samples obtained with several measurement gaps in the observation window as illustrated in Figure 3.
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Figure 3: RSSI measurements with measurement gap
Proposal 3: the UE could calculate the percentage of RSSI measurement values exceeding a threshold within the observation window and report the percentage to network to assist the channel selection.
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 could 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 measurements value 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 4:  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. 
2.3   RSSI measurement configuration 

Regarding the measurement configuration for RSSI, it was agreed in last RAN2 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 could be considered for RSSI measurement configuration.
RSSI threshold
This threshold is used for the UE to calculate the percentage of measurement samples exceeding the threshold.

Measurement reporting period 

This could be configured for periodical RSSI measurement reporting as in legacy.
Proposal 5:  the RSSI threshold and measurement reporting period are required for RSSI measurement configuration.
Measurement observation window
This observation window could be a fixed window such as 200ms, or this window could also be identical to measurement reporting period. For the fixed observation window, there exists the case where measurement report period is different from the measurement observation window, and the UE may need report several percentage results in one measurement reports. Therefore, it may be simpler to just have the observation window to be the same as the measurement reporting period.
Proposal 6: 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 could be configurable so that the network could balance the power consumption and measurement accuracy.
Proposal 7: It should be discussed and decided whether RSSI measurement sampling interval is UE implementation based or network configurable.
Measurement Time restriction information 
As discussed in sec 2.1, for LAA serving frequency, the RSSI measurement for carrier selection shall be performed when serving LAA cell is not transmitting. This may be accomplished by providing UE with measurement time restriction information.
Proposal 8: UE may be configured with measurement time restriction information for serving LAA frequency so that for carrier selection the UE makes RSSI measurement when serving LAA cell is not transmitting.
2.4   RSSI measurement reporting 

RSSI measured by UE is considered beneficial for eNB to detect the hidden node problem. These reports could 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 9:  periodical reporting should be supported for RSSI measurement.
In addition to the measured percentage of RSSI values exceeding a threshold, some additional information could also be considered in the RSSI measurement report.
Measurement sample number for RSSI report
If measurement sampling interval is UE implementation based, the network could not know the number of RSSI samples used in the measurement observation window to calculate the RSSI percentage. However, this is essential to assess the accuracy of measurement results. Therefore it is beneficial to include the number of measurement samples in RSSI report.

Averaged RSSI result

Though RSSI percentage could reflect the channel business status, averaged RSSI report is still a useful reference for carrier selection.

Proposal 10:  in addition to measured percentage of RSSI values above a threshold, it is beneficial to also include the number of measurement samples and the averaged RSSI result in the measurement report.
3   Conclusion
In this contribution, we discussed RSSI measurement and report in LAA system, and made the following observations and proposals:
Observation1: RSSI measurement could be used to evaluate the load on candidate frequency, including the contributions from hidden nodes.

Observation 2: for serving LAA frequency, RSRP/RSRQ measurements could be used to detect hidden nodes.

Proposal 1: for channel selection, the RSSI measurement on the serving LAA frequency shall be performed during the period when the serving LAA cell is not transmitting.
Proposal 2: RSSI measurement may exclude the reception power from intra-operator node during RSSI measurement in DRS and frame burst on LAA serving frequency.
Proposal 3: the UE could calculate percentage of RSSI measurements value exceeds a threshold within the observation window and report the percentage to network to assist the channel selection.
Proposal 4:  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 5:  the RSSI threshold and measurement reporting period are required for RSSI measurement configuration.
Proposal 6:  RSSI measurement observation window can be to the same as the measurement reporting period.
Proposal 7:  It should be discussed and decided whether RSSI measurement sampling interval is UE implementation based or network configurable.
Proposal 8: UE may be configured with measurement time restriction information for serving LAA frequency so that for carrier selection the UE makes RSSI measurement when serving LAA cell is not transmitting.
Proposal 9:  periodical reporting should be supported for RSSI measurement.
Proposal 10:  in addition to measured percentage of RSSI values above a threshold, it is beneficial to also include the number of measurement samples and the averaged RSSI result in the measurement report.
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