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1 Introduction

In previous RAN1 meeting, RAN1 has reached an agreement where DRS transmission on an LAA SCell should be subject to LBT[1]. In addition, in RAN2#89bis meeting, the RRM measurement for LAA was discussed and following agreement is derived[2]. 
	Agreements
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)


Although a usage scenario of RRM measurement with RSRP and RSRQ was basically agreed, there might be some different views on RSSI measurement among companies. 
In this contribution, we discuss RRM measurement related issues for LAA depending on above agreements. 
2 Discussion
RRM measurement with DRS

RAN1 has discussed DRS design for RRM measurement and reporting, followings are agreed for DRS transmission for LAA[1]. 
	Agreements
· DRS design should allow DRS transmission on an LAA SCell to be subjected to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to the DRS

· Alt.1: subject to LBT, DRS is transmitted in fixed time position within the configured DMTC.
· Alt.2:  subject to LBT, DRS is allowed to be transmitted in at least one of different time position within the configured DMTC.
· Note: The number for different time position should be restricted

· Note: One possibility is one time position in the subframe

· Modification to Rel-12 DMTC configuration are FFS

· Note: this does not preclude the possibility to allow other DRS transmission outside of the configured DTMC


When DRS is used for RRM measurement in LAA, it cannot be guaranteed that the DRS would be transmitted in a predefined position in time due to LBT constraints. Therefore RAN2 should consider DMTC configuration for LAA in accordance with above RAN1 agreements.
Considering Alt.1, current Rel-12 DMTC configuration (i.e. MeasDS-Config IE) could be reused without any modification. However, physical layer on UE should decide whether or not measured sample is averaged into the measurement result depending on whether DRS is transmitted or not. This operation is used to improve RRM measurement accuracy in LAA. 
In Alt.2, some enhancement for DMTC configuration is required, as DRS might be transmitted at any time position within configured DMTC window. In other words, UE needs to know how many DRS are transmitted within DMTC window, how long interval is configured among each DRS transmissions within DMTC window and how long DMTC window is configured.  This option also requires the physical layer operation to guarantee measurement accuracy similar to the Alt.1.

Proposal 1: An enhancement on Rel-12 DMTC is required for RRM measurement for LAA.

Measurement for Carrier Selection
Carrier selection is an efficient mechanism for interference mitigation and load balancing across multiple carriers in LAA.  For multi-carriers scenarios, LAA eNB can use carrier selection mechanism to select one cleanest carrier for LAA services. The basic operation for carrier selection is to scan and sense channels for interference measurement, and then to select and configure an optimal carrier for a LAA cell. 
Measurement scenario for carrier selection

An interference measurement of a carrier is an important issue for carrier selection, which can be achieved by RSSI measurement. In order to identify interference level of a carrier frequency, RAN1 has agreed to consider RRM enhancement taking into account RSSI measurement and reports. RSSI measurement could be performed at LAA cell and UE. LAA eNB performs interference measurement to search proper carrier frequency for LAA cell. Similarly, UE performs interference measurement to detect hidden node to interfere with it. As the interference level measured by UE may be helpful for carrier selection, it is desirable to report the measurement result to LAA eNB. Based on these measurements, LAA eNB performs carrier reselection for improvement of spectrum efficiency as well as better coexistence. 
In the current LTE specification, RSRP, RSSQ and RSRI are specified but RSSI is not reported to eNB by a UE, since the RSSI can be inferred from RSRP and RSRQ. However, in LAA, there is a case where RSRP and RSRP could not be available when DRS is not transmitted by LAA SCell due to LBT. In such case, measured RSSI on UE could be useful information to judge interference level of a carrier frequency.

A scenario for carrier selection can be achieved by following measurement procedure, as shown in Figure 1. 
1) LAA eNB performs interference measurement for a long term about available carriers (F1, F2 and F3) and selects an operating carrier considering interference and load. After configuring operating carrier frequency, LAA eNB continuously manages candidate carrier list for the LAA SCell with periodic measurement. In this example, LAA eNB configure F1 as operating carrier frequency for the LAA SCell, and UE1 and UE2 configure LAA SCell1 as secondary cell for LAA. 
2) LAA eNB instructs RRM measurement to UEs (i.e. UE1 and UE2) after configuring as LAA SCell for the UEs. 
3) UEs perform RRM measurement over carrier frequencies (F1, F2 and F3) indicated by LAA eNB. After a certain time, WiFi STAs are increased in coverage of WiFi AP and WiFi STAs with ad-hoc mode are move to UE2. In this situation, we assume that UE1 and UE2 suffer severe interference. 
4) UE reports measurement result to eNB. The measurement result can be RSRP, RSRQ or RSSI. This measurement information can be used as input data for carrier selection algorithm. In this example, UE1 and UE2 have severe interference over carrier F1. And LAA SCell2 with carrier frequency F2 causes strong interference to UE2. 
5) Based on the measurements, LAA eNB decide whether carrier switching is necessary or not, or whether the LAA SCell release is required for a UE. In this example, LAA SCell1 with carrier frequency F1 is initially configured as secondary cell for UE1 and UE2. Since however there is severe interference over F1 and F2 according to varying channel condition, carrier frequency F3 can be reconfigured as the carrier for LAA SCell1. This operation can be achieved by reconfiguring of LAA SCell1 for UE1 and UE2 after change of operating carrier frequency of SCell1 from F1 to F3.  If LAA eNB decides not to change carrier frequency for LAA SCell, the LAA SCell might be released for some of UEs suffering high interference.    
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Figure 1. An example of operational scenario for carrier selection
Based on above operational scenario, we have following observations:

Observation 1: RSSI measurement is required for interference measurement, which should be performed at LAA eNB and UE.

Observation 2: Legacy measurement configuration/reporting procedure could be used for carrier selection. But RSSI measurement should be reported by UE.

Proposal 2: RAN2 is kindly requested to discuss the measurement mechanism for carrier selection based on above scenario. 
Consideration on measurement for carrier selection
As total bandwidth of 5GHz license-exempt band is about 150MHz, there might be more than seven LTE channels for LAA assuming that 20MHz carrier bandwidth is considered [3]
Regarding LAA measurement, following two options can be considered for measurement object configuration, if we assume multiple carrier frequency on unlicensed band. 
· Option 1: one to one mapping between measurement object and LAA carrier frequency.
· Option 2: one measurement object to multiple(or whole) LAA carrier frequencies.

Considering option 1, extension of maximum number of measurement object for a UE might be required due to increasing of carrier frequencies to be measured on unlicensed band. But the option 1 is consistent with principle of current measurement framework. Even though, option 2 may not result in extension of the number of measurement object, measurement result of bandwidth over 20MHz cannot be utilized for carrier selection, since maximum 20MHz carrier bandwidth can be allowed to configure for current LTE system. Therefore, we think current measurement principle should be applied to LAA measurement.
Observation 3: Current measurement object framework should be extended for RSSI measurement. 
Periodic reporting and event-based reporting are specified for RRM measurement in current specification. It is straightforward to apply legacy mechanisms to RSRP and RSRQ measurement. 
Given that RAN1 would decide to introduce RSSI measurement for LAA, reporting configuration should be enhanced to support RSSI reporting. Considering periodic reporting, two reporting mechanisms can be considered, such as average RSSI reporting or high interference ratio reporting. In former case, averaged value of RSSI within certain measurement period is reported to the LAA eNB. In latter case, a UE reports ratio of time with high interference period to measurement duration. In this case, threshold should be configured to judge interference level. For periodic RSSI measurement, it should be discussed which information is reported. In event-based reporting, a UE can trigger RSSI measurement report to LAA eNB when criteria for any events have been met. If event-based reporting is considered for RSSI measurement, it would be preferable to design new events for the measurement, since legacy measurement events are designed for RSRP and RSRQ. Based on above discussion, it seems likely that reporting mechanism should be enhanced for RSSI measurement. 

Observation 4: Reporting configuration should be enhanced for RSSI measurement. 
One quantity configuration per RAT type is applicable in current specification. However, if RSSI measurement is needed to configure different L3 filtering parameters compared to RSRP/RSRQ measurement, quantity configuration should be enhanced.
Observation 5: An enhancement on quantity configuration should be discussed. 

Proposal 3: RAN2 is kindly requested to discuss above considerations in case that RSSI measurement is introduced for LAA.
3 Conclusion
In this contribution, we discussed the measurement related issues for LAA. Based on the discussion, we have following observations and proposals. 
Proposal 1: An enhancement on Rel-12 DMTC is required for RRM measurement for LAA.
Observation 1: RSSI measurement is required for interference measurement, which should be performed at LAA eNB and UE.

Observation 2: Legacy measurement configuration/report procedure could be used for carrier selection. But RSSI measurement should be reported by UE.

Proposal 2: RAN2 is kindly requested to discuss the measurement mechanism for carrier selection based on above scenario. 
Observation 3: Current measurement object framework should be extended for RSSI measurement. 

Observation 4: Reporting configuration should be enhanced for RSSI measurement.
Observation 5: An enhancement on quantity configuration should be discussed. 

Proposal 3: RAN2 is kindly requested to discuss above considerations in case that RSSI measurement is introduced for LAA.
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