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1. Introduction
Since the LAA DRS transmission could be blocked by LBT, to avoid the negative impact on the RSRP/RSRQ measurement, RAN2 has reached the following agreement in the RAN2#90 meeting. 
	RSRP/RSRQ:


RAN2 assumes that the UE’s physical layer will only report valid RSRP/RSRQ measurement samples to RRC (i.e., L1 should not provide samples when DRS transmission was blocked by LBT). 


However, with the above enhancement, the RSRP/RSRQ measurement result in measurement report from UE could be outdated or inaccurate if physical layer does not provide measurements to RRC for long time. In this paper, we discuss this issue in detail.
2. Discussion
2.1. Problem of RSRP and RSRQ reporting

There are two cases for UE not to detect the DRS transmission on a LAA cell:

· Case 1: eNB does not transmit the DRS due to LBT mechanism;
· Case 2: eNB transmits the DRS but UE does not detect it due to the bad radio quality, e.g. in coverage hole.
UE cannot distinguish the two cases. According to the current RAN2 assumption, if UE does not detect DRS transmission, it will be regarded as invalid sample and not be reflected in to RSRP/RSRQ measurement report. It is appropriate for case 1 but not for case 2. In case 2, dropping these bad result samples may mislead eNB’s judgment on the LAA cell. Some examples are following:

Example 1: Impact of measurement report which is outdated 
UE starts a TTT timer for a neighbor LAA cell since it fulfills the condition for event A4 entering. But soon the UE enters a coverage hole and cannot detect DRS signal on that cell any longer. Since the RRM measurement does not take the “invalid sample” into account, the measurement result filtering is frozen in UE RRC for no input from L1. Upon TTT expiring UE reports the outdated measurement result of the LAA cell to eNB, and eNB will regard the LAA Cell as candidate serving SCell, but actually UE cannot work in it. 
Example 2: Impact of measurement report which is inaccurate
	
	


Periodical measurement report is configured to a UE on a serving LAA cell. Assuming there are 5 L1 measurement cycle duration in one measurement report period, 5 measurement samples from UE L1 to RRC are expected during one measurement report period. Since the quality of the signal from the LAA cell is bad, the UE L1 only detects DRS and reports measurement sample to RRC in the last L1 measurement cycle, and the first 4 samples are considered as invalid. Consequently, only the best measurement sample in this period is reflected in the measurement report. Obviously, the measurement report without bad samples is inaccurate and may prevent eNB from deconfiguring the LAA cell in time, though the LAA cell is not good enough to serve the UE.

Observation 1: When no DRS transmission detection, UE may not know whether eNB transmits DRS or not.

Observation 2: With physical layer only reprting valid RSRP/RSRQ measurement samples to RRC, the RSRP/RSRQ measurement report from UE may become outdated or inaccurate.
Observation 3:  Outdated and inaccurate RSRP/RSRQ measurement result would bring negative impact on eNB RRM management. 
Take the above observations into considered, we propose:

Proposal 1: RAN2 to consider how to reduce the negative impact of outdated and inaccurate RRM measurement report.
2.2. Potential solutions
· Solution1: Include timestamps in measurement report
Including timestamps in a measurement report is proposed in the last meeting[1]. For each reported LAA cell, a timestamp records when the last measurement sample from UE L1 is received by UE RRC. With the timestamps, an eNB can decide whether a measurement report or which part of a measurement is reliable. 
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Figure-1
For example, when a eNB find the interval between the receiving time of a measurement report and the timestamp of certain cell in the measurement report(illustrated in Figure-1) is long, it can conclude that the measurement result of the cell is outdated and may be not reliable. In addition, if the reported LAA cell is served by the mentioned eNB and the eNB did send DRS on the cell during the interval during which UE did not detect any DRS, the eNB can further deduce the quality of the channel between UE and the LAA cell is not good. 

Observation 4: With a timestamp indicating when the last measurement sample from UE L1 is delivered to UE RRC, eNB may decide whether the measurement result of the LAA cell in a measurement report is outdated and reliable.

Observation 5: With the timestamp, an eNB may further deduce whether channel between UE and the LAA cell is good after the  last measurement samples are delivered to UE RRC from L1. 
Proposal 2:  For each reported LAA cell in a measurements report, including a timestamp indicating when the last measurement sample from UE L1 is delivered to UE RRC.
· Solution2: Include timestamps in measurement report
In the legacy measurement mechanism, UE L1 reports one measurement sample to RRC which reflecting the signal quality during one L1 measurement cycle.  For LAA cells, among all the measurement samples, UE L1 only report valid measurement samples to RRC. We think the percentage of valid measurement samples in all the measurement samples is useful for eNB to decide whether the measurement report form UE is accurate enough. For instance, 80% of the DRS transmission in one LAA cell is successful at eNB, while only 50% of L1 measurement samples related to the cell is regarded as valid at a certain UE, the big gap between probability of DRS transmission and DRS detection may indicate that the measurement result from the UE is inaccurate.  
Observation 6: The percentage of valid L1 measurement samples in all the L1 measurement samples is useful for eNB to decide whether the measurement report from UE is accurate.
Proposal 3:  Including the percentage of valid L1 measurement samples in all the L1 measurement samples for each reported LAA cell in a measurements report.
· Solution3: Not include the measurement results which has not be updated in periodical report
For periodical measurement reporting，if the UE L1 sends no valid measurement samples to RRC during a report period, the UE does not include no measurement result of the related LAA serving cells in the measurement report.  Upon the existence of the measurement result in a periodical measurement report, the eNB learns the update information of each LAA SCells. If the related LAA cells do transmit DRS during the measurement report interval, but UE donot update  the Cell’s measurement result, the eNB can further deduce that the UE has not detect the DRS from these LAA cells.
Observation 7: For periodical measurement reporting,  allowing not to include measurement results of LAA cells which has not be updated from last reporting can help eNB to find whether the received measurement result is outdated and inaccurate.
Proposal 4: For periodical measurement reporting, it should allow UEs not to include measurement results of LAA cells which have not been updated from last reporting.
We propose RAN2 to discuss all the above enhancement solutions. And it should be noticed that the three solutions can be applied independently or simultaneously. 
3. Conclusion
In this paper, we discuss the problem of outdated and inaccurate measurement reporting and provide three potential enhancement solutions. We propose:
Proposal 1: RAN2 to consider how to reduce the negative impact of outdated and inaccurate RRM measurement report.

Proposal 2:  For each reported LAA cell in a measurements report, including a timestamp indicating when the last measurement sample from UE L1 is delivered to UE RRC.
Proposal 3:  Including the percentage of valid L1 measurement samples in all the L1 measurement samples for each reported LAA cell in a measurements report.
Proposal 4: For periodical measurement reporting, it should allow UEs not to include measurement results of LAA cells which have not been updated from last reporting.
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