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1   Introduction
Agreements have been reached in RAN1 related to the measurements in LAA system, as follows [1]: 
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion
· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS

· Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC if LBT succeeds
· Note: The number of different time positions should be restricted

· Note: One possibility is one time position in the subframe

· Modifications to Rel-12 DMTC configuration are FFS

· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC
In last RAN2 meeting, it was also agreed that “RRM measurements (e.g. RSRP/RSRQ) on LAA cell can be used to configure, activate, de-configure LAA cell (as for SCells on licensed carriers)”
This contribution discusses the issues in RRM measurements for LAA system, such as measurement configuration, performing measurements, and measurement reporting, etc.
2   RRM measurement framework for LAA 

The RRM measurement framework consists of aspects in measurement configuration, performing measurement, and measurement reporting. While the existing RRM framework can be used as baseline at least for RSRQ and RSRQ measurement in LAA system, some issues are worth being analyzed more in the following sections.
2.1   Measurement configuration
· DRS configuration

It was agreed that DRS could be used for RRM measurement for LAA Cells, and RAN1 has also discussed possible DRS enhancement for LAA and listed two alternatives in [1] as follows:

Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC
There were also some discussion on DRS structure, and the agreed DRS for LAA shall be that “transmission burst containing DRS signals should consist of continuous OFDM symbols”. In current DRS configuration, in addition to the DMTC period and ds-OccasionDuration, the reference signal configuration is also included for the resources and offset of CSI-RS. From RAN2 point of view, the Rel-12 DRS configuration can be reused as baseline for Alt1and Alt2, though some enhancements may be needed for possible DRS structure modifications in LAA.
Observation 1: Rel-12 DRS configuration can be reused as baseline, though some enhancements may be needed for possible DRS structure modifications in LAA.
· Measurement GAP for inter-frequency measurement on LAA carrier

As LAA system operates on a different band from legacy LTE cells, a separate RF branch may be needed. If so, performing inter-frequency measurement on LAA carrier doesn’t have to cause interruption to the transmission and reception on the licensed carriers. However, per current specifications, if gap is configured, transmission and reception on all serving frequencies are interrupted, regardless of the RF implementation. If we could configure a measurement gap only applied to LAA RF branch, interruption on licensed serving cells could be avoided when performing inter-frequency measurement on unlicensed cells. 

Observation 2: If separate measurement gap can be configured for LAA RF branch, the interruption on licensed carrier can be avoided  when inter-frequency measurement is performed on LAA carrier.
2.2   Performing measurements
In 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. For LAA RRM measurement using DRS, subject to LBT requirement, the available measurement samples in one measurement period may not be enough, as an LAA cell has to forgo some DRS transmission occasions if channel is busy at that time. RAN1 has discussed ways to work-around the available L1 measurement samples, e.g., the support of one-shot RRM measurements by extending the bandwidth of DRS. 
The following L3 filtering is applied in the existing RRM measurement, before measurement results are used for measurement reporting:
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The flittering Coefficient α is determined by the configured filterCoefficient k assuming a sample rate equal to 200 ms. The measurement sample rate can not be guaranteed always to be 200ms in LAA DRS measurement. But as already supported in current RRM measurement operation, UE can autonomously adjust (by interpolating/extrapolating) the filter coefficients at different sample rates, to fit to the measurement of DRS signal, whose transmission at an LAA cell is subject to LBT operation.

Observation 3: Current L1/L3 filtering mechanism can be reused also for DRS measurement in LAA system.
2.3   Measurement reporting
· Measurement reporting criterion
If periodical reporting is configured, UE is required to report measurement results at fixed time interval. The measurement results shall include at least ones of PCell and may optionally include those of SCell and neighbor cells. If the UE cannot acquire an LAA SCell or LAA neighbor Cell (e.g., by detecting PSS/SSS of LAA cell), UE may just not include anything in the measurement results for the involved LAA cells. Therefore, current periodical reporting could be supported for LAA RRM measurement, with the caveat that there may not be measurement results for an LAA serving cell, if its DRS transmission is skipped due to the LBT operation.
Observation 4: Periodical reporting can be supported for LAA RRM measurement, by allowing not to include measurement results of an LAA serving cell, if its DRS transmission is skipped due to the LBT operation.
In addition to periodical reporting, the following measurement reporting events are also supported in the existing RRM measurement framework:

Event A1 (Serving becomes better than threshold);
Event A2 (Serving becomes worse than threshold);
Event A3 (Neighbour becomes offset better than PCell/ PSCell);
Event A4 (Neighbour becomes better than threshold);
Event A5 (PCell/ PSCell becomes worse than threshold1 and neighbour becomes better than threshold2);
Event A6 (Neighbour becomes offset better than SCell);
Event B1 (Inter RAT neighbour becomes better than threshold);
Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2);
Event C1 (CSI-RS resource becomes better than threshold);
Event C2 (CSI-RS resource becomes offset better than reference CSI-RS resource).
Since it was agreed that “RRM measurements (e.g. RSRP/RSRQ) on LAA cell can be used to configure, activate, de-configure LAA cell (as for SCells on licensed carriers)”, and an LAA Cell cannot be configured as PCell or PSCell, the measurement event A3/A5/B1/B2 shall not be configured for LAA Cells. Moreover, given that the DRS is likely to contain CRS/CSI-RS, reporting events A1/A2/A4/A6/C1/C2 could be useful to configure, activate, de-configure LAA SCells.
Observation 5: Reporting events A1/A2/A4/A6/C1/C2 can be supported in LAA RRM measurement to configure, activate, de-configure LAA SCells.
2.4   RSSI measurement and report
RAN1 has agreed to consider RSSI measurement and reporting in LAA system. RSSI measurements by UEs are proposed for measuring carriers where no LAA transmission is taking place, i.e. when RSRP measurements cannot be taken. These reports could be used by the network to perform carrier selection, by taking into account of channel load measured by UEs. Therefore, RSSI measurement report is different from the current RRM measurement reports, which are designed for UE specific cell management. Given that RSSI measurement is performed per frequency, a new set of reporting criteria may be needed.
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. Therefore, the L1/L3 filtering mechanism in the current RRM measurement framework may not be suitable for RSSI measurement and reporting to reflect the channel usage on unlicensed carrier.
Observation 6: Unlike the existing RRM measurement, RSSI measurement is not designed for UE specific cell management. Hence, the L1/L3 filtering mechanism and reporting criteria in the current RRM measurement framework may not be suitable for RSSI measurement and reporting to reflect the channel usage on unlicensed carrier.
3   CSI measurement for LAA cell 
The discontinuous transmission on LAA cell also presents challenges in the use of the CSI report of SCell on licensed spectrum. Though CSI report is used mainly for scheduling reference to select proper MCS level for DL transmission (which is mainly of RAN1 concerns), it has been assumed that RLF on SCell can also be detected in network from CSI report. Hence, UE is not required to perform RLM monitoring on SCell, and the network is assumed capable of detecting from CSI report the failure of UE in tracking the timing and frequency on the SCell. When LAA cell stops transmission due to the channel unavailability, all UEs will report invalid CQI value. Then, an eNB would not be able to differentiate a UE experiencing RLF from another UE still keeping valid tracking of the frequency and timing for downlink transmission. 
Observation 7: Discontinuous transmission on LAA cell may present challenge in assuming that SCell RLF can be detected from CSI report.
4   Conclusion
In this contribution, we discussed the impact of discontinuous transmission on measurement related operations in LAA system, and made the following observations:
Observation 1: Rel-12 DRS configuration can be reused as baseline, though some enhancements may be needed for possible DRS structure modifications in LAA.
Observation 2: If separate measurement gap can be configured for LAA RF branch, the interruption on licensed carrier can be avoided when inter-frequency measurement is performed on LAA carrier.
Observation 3: Current L1/L3 filtering mechanism can be reused also for DRS measurement in LAA system.

Observation 4: Periodical reporting can be supported for LAA RRM measurement, by allowing not to include measurement results of an LAA serving cell, if its DRS transmission is skipped due to the LBT operation.
Observation 5: Reporting events A1/A2/A4/A6/C1/C2 can be supported in LAA RRM measurement to configure, activate, de-configure LAA SCells.
Observation 6: Unlike the existing RRM measurement, RSSI measurement is not designed for UE specific cell management. Hence, the L1/L3 filtering mechanism and reporting criteria in the current RRM measurement framework may not be suitable for RSSI measurement and reporting to reflect the channel usage on unlicensed carrier.
Observation 7: Discontinuous transmission on LAA cell may present challenge in assuming that SCell RLF can be detected from CSI report.
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