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1. Introduction

RRM measurement/report is one of the main functionalities modified/enhanced for LAA operation due to LBT operation and different interference characteristics in unlicensed carriers [1]. Regarding RRM measurement in LAA, the followings have been agreed during the study item phase [2]-[6].
Agreements (RAN1#79):
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

Agreements (RAN1 LAA ad hoc):
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion

Agreements (RAN1 LAA ad hoc):

· Design targets of LAA DRS includes at least

· LAA DRS should at least support for RRM measurement

· Detection of DRS from a cell based on a single DRS occasion
· Feasibility is for further evaluation
· Transmission burst containing DRS signals should consist of continuous OFDM symbols
· FFS: How to realize contiguous OFDM symbol transmission 
Agreements (RAN1#81):

· It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion
· Note that at least LAA carrier bandwidth below 5 MHz is not supported

Agreements (RAN2#89)
1
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)

In this paper, we discuss and propose principles for RRM measurements in LAA, especially regarding RSRP, RSSI and RSRQ measurement.
2. RSRP
Purpose of UE’s RSRP measurement and report for an LAA SCell is as follows:
· Providing network with information for LAA SCell configuration/de-configuration for a UE

· (For introduction of LAA UL in future releases) Estimating UL path-loss for UL power control

2.1. RSRP for a serving cell
Basically, UE can measure RSRP from the CRS (and CSI-RS, if configured) which is included in DRS by the serving cell
In addition, it can be considered UE uses CRS (and CSI-RS, if configured) imbedded in DL TX burst for RSRP measurement if the existence of CRS (or CSI-RS) is known by blind detection or any implicit/explicit signaling from eNB.
2.2. RSRP for a non-serving cell
Since the main purpose of RSRP measurement/report is to help SCell configuration/de-configuration, it is natural to support RSRP measurement/report for intra-/inter frequency neighbour cells as in licensed band operation. UE can measure RSRP from the CRS (and CSI-RS, if configured) which is included in DRS transmitted by the neighbour cell.
2.3. Sharing RSRP of multiple LAA SCells
Since carriers assigned to a UE in 5GHz unlicensed band are likely to be contiguous or close to each other, RSRP measurement for LAA SCells configured to a UE can be shared if they are collocated. Shared RSRP could be useful since reference signal for RSRP (such as DRS) of each LAA SCell may not be transmitted sufficiently often due to LBT operation. 
3. RSSI

Conventionally, RSSI measurement was performed to derive RSRQ. However, purpose of RSSI report of unlicensed carrier is not same for the conventional one and can be considered as follows:
· Providing network with information on the hidden node interference at a UE

· Providing network with information on the overall interference at a UE

3.1. RSSI for LAA serving carrier
For the purpose of hidden node interference measure, RSSI measurement should be done during serving eNB’s transmission period. This can be mainly done during the serving eNB’s DRS transmission period while serving eNB’s other transmission periods may be also used if it can be known to the UE.
For the purpose of overall interference measure, RSSI measurement may be done without any restriction in the measurement period. Another approach is to measure RSSI over the serving eNB’s non-transmission period to estimate potential interference without muting due to LBT operation, which may need network assistant for the discrimination of serving eNB’s non-transmission period. 
3.2. RSSI for non-serving carrier
Since there may be no designated cell on a non-serving carrier for a UE, it is natural that RSSI measurement for a non-serving carrier is done without any restriction in the measurement period.
However, if RSSI for LAA serving carrier is measured for the serving eNB’s transmission period, similar approach can be also considered for the non-serving carrier. That is, the UE measures RSSI over a DRS transmission period on a non-serving carrier if network configures a designated DRS for that carrier for the RSSI measurement purpose.
4. RSRQ

In licensed carriers, RSRQ is mainly useful for RL synchronization and inter-frequency handover management.

For an unlicensed carrier, if RSSI of a serving carrier is reported by the UE, RSRQ report from the UE may not be necessary since RSRQ can be estimated at eNB side using reported RSRP and RSSI values. Even if RSSI report from the UE is not available, it is still questionable if RSRQ measurement and report is necessary for an unlicensed carrier depending on the further decisions in RAN2/RAN4 on the RL management and handover related to unlicensed carrier.
5. Summary and conclusions

In this paper, we discuss the RRM measurements for LAA DL. Suggestions of this paper are summarized as follows.
Suggestion 1: For a serving cell, UE can measure RSRP from the CRS (and CSI-RS, if configured) which is included in DRS by the serving cell. 

· In addition, it can be considered UE uses CRS (and CSI-RS, if configured) imbedded in DL TX burst for RSRP measurement if the existence of CRS (or CSI-RS) is known by blind detection or any implicit/explicit signaling from eNB
Suggestion 2: For a non-serving cell, UE measures RSRP from the CRS (and CSI-RS, if configured) which is included in DRS transmitted by the neighbour cell

Suggestion 3: It can be considered to share RSRP measurements of different LAA SCells

Suggestion 4: For the RSSI measurement of a serving carrier, two options can be considered

· RSSI measurement should be done during serving eNB’s transmission period
· RSSI measurement is done without any restriction in the measurement period or measured over serving eNB’s non-transmission period
Suggestion 5: For the RSSI measurement of a non-serving carrier, two options can be considered

· RSSI measurement is done without any restriction in the measurement period

· RSSI measurement is done over a DRS transmission period on a non-serving carrier if network configures a designated DRS for that carrier
Suggestion 6: It is FFS if RSRQ measurement/report is necessary for LAA SCells
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