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1 Introduction

At the last meeting, RAN2 discussed LAA RRM measurement issues and reached following agreements [1].
	Agreements
1
A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window.

4
Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA





Also, RAN1 discussed the RSSI measurement issue at August meeting and reached following agreements [2].

	Agreements:
· 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


In this contribution, we discuss measurement report mechanisms for RSSI with taking above agreement into account. 
2 Discussion
RAN1 agreed “The RSSI measurement timing configuration may be independently configured from the DMTC” at last meeting. According to this agreement, the RSSI measurement timing does not need to align with the DRS measurement timing. Furthermore, eNB is allowed to configure RSSI measurements to the UE even when DMTC is not configured for that UE. Therefore, measurement and report timing for RSSI should be designed differently than those for LAA DRS. So, RAN2 should discuss RSSI specific measurement report mechanisms and introduce RSSI specific reporting triggers in addition to the RSSI measurement timing configuration. 
Observation:
Measurement and report timing for RSSI and LAA DRS are different.
Proposal 1: 
RSSI specific measurement report mechanisms should be introduced.
With the above discussion in mind, four typical scenarios should be considered. In figure 1, the location of each UE is as follows:
UE 1: UE 1 is neither within an LAA cell coverage nor within coverage of any hidden node
UE 2: UE 2 is within an LAA cell coverage but out of coverage of any hidden node

UE 3: UE 3 is within both LAA cell coverage and hidden node coverage
UE 4: UE 4 is within hidden node coverage(s) but not within LAA cell coverage
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Fig 1. Typical scenarios
For all the scenarios above, it is assumed all UEs are LAA operation capable. It is also assumed that both RSSI measurement timing configuration and DMTC are configured to the UE. It is further assumed the eNB can detect whether the UE is in coverage of LAA cell and whether any hidden node is present on the operating unlicensed carrier based on the measurement results from UE. RSRP value reported by the UE may assist the eNB with the assessment of whether the UE is in coverage of LAA cell. In figure 1, eNB may notice UE2 and UE3 are in coverage of LAA cell and UE1 and UE4 are out of coverage based on the reported RSRP measurements. Regarding the hidden node presence, “UE detect high interference while the measured LAA cell transmits DRS” is a typical case and RSRQ value reported by UE is helpful to assess it. Furthermore, UE should perform RSSI measurement outside of DMTC for detecting hidden nodes since the DMTC duration is very short e.g., 6 msec per 40 msec. Therefore, eNB may configure the RSSI measurement timing configuration in addition with DMTC to increase the likelihood for detecting the hidden node when it is present.
With respect to how RSSI measurement should be considered, we think the eNB should have the option to configure periodic RSSI measurement reporting esp. for the scenarios above with UE1 and UE4. Although the LAA channel selection algorithm is an implementation issue, it may be assumed that the selection algorithm would be based on long term carrier sensing and energy detection. Therefore, it would be beneficial for the eNB to obtain the measured RSSI samples as much as possible. Since the eNB can easily determine which UE is out of LAA cell’s coverage based on the reported DRS measurement results, it is straightforward for the eNB to decide which UE should be configured with periodic RSSI measurements.
On the other hand, event triggered reporting should be configured for a UE which is already within LAA cell’s coverage i.e., UE2 and UE3, since the purpose for the RSSI measurements is mainly for RRM. Since the LAA cell already selected the most appropriate channel, what the eNB really needs to know is whether LAA cell can continue to use the same channel. Of course, the eNB should also have the option to use periodic RSSI measurement reporting even for these UEs; however, event trigger reporting has the advantage that UE’s power consumption and signalling overhead may be reduced. If event trigger reporting is used for the purpose of RRM measurement, “average RSSI becomes higher than threshold1 and/or channel occupancy becomes higher than threshold2” is the only event trigger that needs to be supported for RSSI measurement reporting. Further study is needed if threshold1 and/or threshold2 should be configurable.
Proposal 2: 
Both event triggered and periodical measurement report mechanism should be supported for RSSI.
Proposal 3: 
The measurement event “average RSSI becomes higher than threshold1 and/or channel occupancy becomes higher than threshold2” should be supported for RSSI. It is FFS if threshold1 and/or threshold2 should be pre-configured.
If periodical RSSI measurement report and event triggered (CRS/DRS based) RRM measurement reporting are configured, it’s likely that the UE will only report RSSI measurements and RRM measurements will only be reported at cell edges, since RAN2 agreed event triggered RRM measurement report for LAA SCells is supported. Since the periodic RSSI measurements only indicate the received power, the eNB wouldn’t know where UE performed the measurements with only the RSSI measurement reports. Furthermore, since RSSI measurement timing configuration is independently configured from the DMTC, the eNB has the option to configure RSSI measurement timing configuration separately from that of DMTC. For example, in case the LAA cell has not started transmitting cell reference signal on the target channel, the eNB should know whether the reported RSSI measurements are taken within the coverage of the LAA cells or not. Even though RSSI measurement result is higher than threshold, the interference is of no concern to the eNB if the reported measurement is taken in a location far away from the LAA cell’s coverage. 
Therefore, we think it’s beneficial to the eNB to report the location associated with the reported RSSI measurement on the unlicensed band. One of the most straight forward approaches is for the UE to always report the RSSI measurement of the unlicensed band i.e., 5GHz along with RF fingerprint of licensed band e.g., 2GHz. It is FFS if any assistance information should be reported to allow the eNB to have a better estimate of the UE’s location.
Proposal 4: 
If periodical RSSI measurement reporting is configured, eNB should be allowed to configure the UE to report the RSSI measurement result of the unlicensed band along with RF fingerprint of licensed band.
3 Conclusion

In this contribution, we discuss measurement report mechanisms for RSSI. We have the following observation and proposals.
Observation:
Measurement and report timing for RSSI and LAA DRS are different.
Proposal 1: 
RSSI specific measurement report mechanisms should be introduced.
Proposal 2: 
Both event triggered and periodical measurement report mechanism should be supported for RSSI.
Proposal 3: 
The measurement event “average RSSI becomes higher than threshold1 and/or channel occupancy becomes higher than threshold2” should be supported for RSSI. It is FFS if threshold1 and/or threshold2 should be pre-configured.
Proposal 4: 
If periodical RSSI measurement reporting is configured, eNB should be allowed to configure the UE to report the RSSI measurement result of the unlicensed band along with RF fingerprint of licensed band.
4 References

[1] R2-15xxxx, “Draft Report of 3GPP TSG RAN2 meeting #91”, MCC Support
[2] R1-15xxxx, “Draft Report of 3GPP TSG RAN1 meeting #82”, MCC Support
3

