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1
Introduction
RAN#68 approved the new LAA WI [1], which contains the specification of UE support for carrier selection and RRM measurements. UE support for RRM measurements (including cell identification for carrier selection) has been discussed in RAN WG1 meeting #82, where the following was agreed: 

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
It should be noted, that above agreement is for the ‘UE reporting RSSI measurement’ which might be used by the eNB for carrier selection. The agreement above is therefore not applicable to the RSSI used for RSRQ definition for traditional RRM measurement purposes. 

In this contribution, we discuss two main aspects – (i) the LAA UE reported RSSI measurement (new and independent LAA specific measurement) as well as (ii) the LAA RSRQ definition (which uses a different RSSI definition compared to the UE reported RSSI). RSRP measurements and their relation to the LAA DRS design are addressed in a companion contribution [2], as performance evaluations focusing on RSRP had been agreed at RAN1#82. Therefore, our RSRQ considerations focus on the RSSI definition for the LAA RSRQ measurement in this contribution only. For discussions on RSRP based on DRS the interested reader is referred to [2] 
2
Discussion
First of all as already noted in the introduction section, when discussing RSSI measurements in unlicensed spectrum, it should be distinguished between:

· RSSI definition for LAA RSRQ measurement (and reporting) 
· UE reporting RSSI measurements for carrier selection
2.1
LAA RSRQ measurement
In order for the RSRQ measurements to reflect the interference conditions the UE would experience if scheduled in the corresponding LAA cell, the RSSI should be measured only when the measured cell (i.e. the LAA cell for which RSRQ is to be measured) is also transmitting. This has been similarly acknowledged in the decision from the LAA-AdHoc meeting on CSI measurement, which reads as:

Agreement:
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods
RSRP for LAA is based on measurements from the LAA DRS [2], and therefore the only feasible restriction that can be applied is to also limit the RSSI for RSRQ measurement to the DRS transmission period of the measured cell. 

Proposal #1: RSSI measurement for LAA RSRQ is not allowed outside of the measured cell DRS transmission.
The RSSI for RSRQ measurement according to 36.214 (i.e. for licensed bands) can be based on the same OFDM symbols where CRS is transmitted or alternatively using all the OFDM symbols (in general, within the DMTC, or within configured subframes). The same two baseline options (all symbols vs. CRS symbols only) can be considered also for the RSRQ definition of LAA. But as in contrast to licensed band operation the number of available OFDM symbols containing CRS might be rather low in LAA, using all the OFDM symbols of the DRS might lead to better RSRQ accuracy in the end. 
Proposal #2:  RSSI for LAA RSRQ is measured from all OFDM symbols of the DRS of the measured cell. 
2.2
UE reporting RSSI measurement
UE reporting RSSI measurements used e.g. for carrier selection are power measurements that are not done based on DRS and are independent of any DRS being present. Therefore, the associated measurement procedure is to be considered independent of traditional RRM measurements (i.e. RSRP/RSRQ). 
In RAN1#82 it was agreed (as noted in the introduction above) that the eNB should configure the timing where the UE may perform RSSI measurements for carrier selection. According to our understanding, the timing configuration corresponds to a measurement period based on the PCell timing as this measurement might also be configured for a non-serving carrier of the UE. Also, it was agreed that such timing configuration may be configured independently from the DMTC. 
However, it was left FFS how the UE reporting RSSI should be measured from the configured measurement period. Some papers submitted to RAN1#82 (e.g. [3], [4], [5] and [6]) discussed the possibility to limit the UE reporting RSSI measurements to those periods where the UE can detect that the serving eNB is not transmitting on the corresponding carrier.
On the other hand, the UE reporting RSSI measurement is reported to the serving eNB, which has information of the configured UE timing and measurement period, as well as and its own activity on the corresponding carrier during the configured measurement period for the UE reporting RSSI measurement. Therefore it does not seem needed to limit UE reporting RSSI measurements to periods with no DL transmissions from the serving eNBs. 
The power on any carrier might fluctuate rather frequently depending on which node is currently transmitting, as different nodes or even technologies might get access to the channel. Therefore there can be rather large power variations within the configured measurement period of the UE reporting RSSI, which are typically not occurring on licensed band carriers due to the exclusive use for one operator network. In order for the measurement to capture such variations and in order for the eNB to get reliable UE reporting RSSI measurements, the UE implementation freedom with respect to when the UE should perform such measurements within the configured measurement period should be limited. 
Proposal #3: UE reporting RSSI is measured from all OFDM symbols of the measurement period the UE is configured to perform RSSI measurements.
Similarly as for DMTC with Rel-12 DRS, as long as the length of the configured measurement period for UE reporting RSSI measurement is 5 ms (or less) and therefore fits within the current LTE measurement gap definition, no new measurement gaps will need to be defined in RAN2/RAN4 for UE reporting RSSI measurements. We assume one observation/measurement instance to be not longer than 5ms. Therefore, we propose:
Proposal #4: The UE reporting RSSI measurement configuration timing should not include a measurement period longer than 5ms (similar limitation as with the Rel. 12 DMTC).  Thus, there is no need to introduce additional measurement gaps.
One further noted open issue is the defined measurement averaging granularity. In this respect we hereby would like to refer to a RAN2 agreement from RAN2# 91:

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

For RSSI measurements reflecting channel occupancy, no averaging of the RSSI over different DMTCs/ measurement instances should be performed. The question nevertheless to be answered is on the time granularity of the UE reporting RSSI measurement for channel occupancy within a single measurement timing configuration/DMTC. The potential time granularities according to the LTE numerology being either: (i) OFDM symbol granularity, (ii) subframe granularity (1ms) or (ii) the overall DMTC occasion duration. As a TxOP (e.g. from Wi-Fi) might be shorter than the configured measurement timing window, a finer granularity will be needed. On the other hand, a typical TxOP will be much longer than the OFDM symbol duration and even exceeding the LTE subframe duration (1ms). Therefore a small granularity of an OFDM symbol might not be useful and might create issues with the measurement accuracy of a single UE reported RSSI measurement instance. Therefore, we think that a granularity of the RSSI definition for the UE reported RSSI measurement of 1ms might be useful. 
The same measurement definition of a subframe (1ms) in terms of RAN1 specification can be used by RAN2/RAN4 on one hand to define the intended average RSSI through higher layer filtering to create the average RSSI based on the individual 1ms measurement results,  as well as for channel occupancy by creating some statistics to reflect channel occupancy. 
Proposal #5: The RSSI for UE reported RSSI measurement should be defined with a subframe (1ms) granularity. Potential higher-layer filtering (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4).  
3
Conclusion
In this contribution we discuss two aspects related to RRM measurements, RSSI definition for RSRQ measurement as well as UE reporting RSSI measurement. 

Based on the discussions in this contribution the following proposals on RSSI for RSRQ measurements are made:

· Proposal #1: RSSI measurement for LAA RSRQ is not allowed outside of the measured cell DRS transmission.
· Proposal #2:  RSSI for LAA RSRQ is measured from all OFDM symbols of the DRS of the measured cell. 
On the open points on the UE reporting RSSI measurement we would like to make the following suggestions:

· Proposal #3: UE reporting RSSI is measured from all OFDM symbols of the measurement period the UE is configured to perform RSSI measurements.
· Proposal #4: The UE reporting RSSI measurement configuration timing should not include a measurement period longer than 5ms (similar limitation as with the Rel. 12 DMTC).  Thus, there is no need to introduce additional measurement gaps.
· Proposal #5: The RSSI for UE reported RSSI measurement should be defined with a subframe (1ms) granularity. Potential higher-layer filtering (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4).  
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