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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 [2]-[7].
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 (RAN1#82):

· 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 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 measurement for a serving cell
For a serving LAA cell, UE can measure RSRP from the CRS (and CSI-RS, if supported for Rel-13 DRS) which is included in DRS transmitted within DMTC configured by the serving cell

2.2. RSRP measurement for non-serving cells
· RSRP measurement for inter-operator LAA cells

It should be decided first whether UE should support DRS detection and RSRP measurement for inter-operator LAA cells in an unlicensed carrier.

If inter-operator DRS detection by UE is to be supported, UE should be able to detect inter-operator DRS without any synchronization in transmission timing with serving cell. Depending on the intra- or inter-frequency case, following operations may be supported.
· Intra-frequency case: UE may perform inter-operator DRS detection using any available timing independently of the configured DMTC

· Inter-frequency case: UE may perform inter-operator DRS detection using the following options.

· during the serving unlicensed cell is deactivated

· additional measurement gap for unlicensed carrier (the measurement gap may not interfere DL operation of a licensed carrier)
· RSRP measurement for intra-operator LAA cells 

For a synchronized intra-operator LAA cells, UE can perform DRS detection and RSRP measurement using configured DMTC.

For a non-synchronized intra-operator LAA cells, support of DRS detection and RSRP measurement may follows decision on the support of inter-operator DRS detection. That is, if inter-operator DRS detection is supported, non-synchronized intra-operator DRS detection can be supported by a same mechanism.

Suggestion 1: It should be decided whether UE should support DRS detection and RSRP measurement for inter-operator LAA cells in an unlicensed carrier.

Suggestion 2: It should be decided whether UE should support DRS detection and RSRP measurement for non-synchronized intra-operator LAA cells in an unlicensed carrier
2.3. Sharing RSRP of multiple serving cells
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 cell may not be transmitted sufficiently often due to LBT operation. 

Suggestion 3: Consider sharing RSRP of multiple LAA serving cells
3. New RSSI

Conventionally, RSSI measurement was performed to derive RSRQ. However, purpose of new RSSI measurement/report on 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

While it was agreed to support UE’s new RSSI measurement/report using measurement timing indicated by eNB, it should be decided whether new RSSI measurement/report should be supported for non-serving carrier or for serving carrier or for both.

Suggestion 4: it should be decided whether new RSSI measurement/report should be supported for non-serving carrier or for serving carrier or for both
3.1. New RSSI for non-serving carrier
Since RSSI measurement for non-serving carrier is inter-frequency measurement operation, measurement gap is necessary. Rel-12 measurement gap may be used for new RSSI measurement. However, measurement gap should be also used for inter-frequency DRS detection, where the UE should use whole measurement gap duration for the DRS detection since DRS transmission timing within DMTC will be random depending on the LBT result. Therefore, separate measurement gap for new RSSI measurement for non-serving carrier may be necessary. As a simple solution, UE’s DL operation on a serving unlicensed carrier can be interrupted during the given new RSSI measurement timing without interfering DL operation on a serving licensed carrier. DMTC period of a serving unlicensed carrier may be avoided from the new RSSI measurement timing for a non-serving unlicensed carrier.

Suggestion 5: If new RSSI measurement/report for non-serving carrier is supported, separate measurement gap for RSSI measurement should be supported. It can be considered that UE’s DL operation on a serving unlicensed carrier can be interrupted during the indicated RSSI measurement timing.
3.2. new RSSI for serving carrier
For new RSSI measurement/report of a serving carrier, one option is using DMTC as in Rel-12 RSSI measurement. However, RSSI measurement in DMTC may not reflect hidden interference status or overall interference status correctly since multiple cells may transmit DRS simultaneously. In principle, hidden interference can be measured during serving cell’s DL transmission period with normal LBT operation and overall interference can be measured during serving cell’s DL non-transmission period.
Before decision on the details of new RSSI measurement for serving carrier, the purpose should be decided first.

Suggestion 6: If supported, purpose of new RSSI measurement/report for serving carrier should be clarified.

3.3. Indication of measurement timing of new RSSI
For the indication of measurement timing of new RSSI, following options can be considered.

Option 1) RRC configuration of subframe duration/period/offset

Option 2) Triggering RSSI measurement/report by MAC message 

Option 3) Triggering RSSI measurement/report by L1 signaling

One of the options should be selected considering signaling overhead, measurement gap overhead (if necessary) and eNB scheduler’s flexibility.
Suggestion 7: One of the three options is selected for indication of measurement timing of new RSSI.

4. RSRQ

In licensed carriers, RSRQ is mainly useful for RL synchronization and inter-frequency handover management. On the other hand, necessity of RSRQ measurement/report for unlicensed carrier is questionable since unlicensed carrier selection may be based on eNB’s measurement or newly introduced RSSI report from UE.
If RSRQ measurement for LAA DL should be supported purpose and the corresponding definition of RSSI for RSRQ calculation should be decided first.

Suggestion 8: It is FFS if RSRQ measurement is supported for LAA DL.
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: It should be decided whether UE should support DRS detection and RSRP measurement for inter-operator LAA cells in an unlicensed carrier.

Suggestion 2: It should be decided whether UE should support DRS detection and RSRP measurement for non-synchronized intra-operator LAA cells in an unlicensed carrier
Suggestion 3: Consider sharing RSRP of multiple LAA serving cells
Suggestion 4: it should be decided whether new RSSI measurement/report should be supported for non-serving carrier or for serving carrier or for both
Suggestion 5: If new RSSI measurement/report for non-serving carrier is supported, separate measurement gap for RSSI measurement should be supported. It can be considered that UE’s DL operation on a serving unlicensed carrier can be interrupted during the indicated RSSI measurement timing.
Suggestion 6: If supported, purpose of new RSSI measurement/report for serving carrier should be clarified.

Suggestion 7: One of the following options is selected for indication of measurement timing of new RSSI.

Option 1) RRC configuration of subframe duration/period/offset

Option 2) Triggering RSSI measurement/report by MAC message 

Option 3) Triggering RSSI measurement/report by L1 signaling

Suggestion 8: It is FFS if RSRQ measurement is supported for LAA DL.
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