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1. Introduction
In RAN2#89, initial discussion on licensed-assisted access (LAA) using LTE on unlicensed spectrum was started. The following agreements and working assumptions were made in assisting the discussion on procedure and protocol impacts from RAN2 perspectives.

		
1    RAN2 will not focus on Dual Connectivity in the scope of the study. That means we focus on licensed carrier on the PCell and LAA carrier on (MCG) SCell.
2    The existing IDC solutions can be used to support Wi-Fi background scanning (e.g. by means of IDC TDM; Autonomous Denial). 
3    The existing IDC solution can also be used to indicate interference problems for cases where the UE (intends to) uses WiFi on the same or adjacent carrier to the LAA carrier.
4    As a baseline use existing CA functionalities for LAA
5	Based on the additional complexity, RAN2 suggests that Downlink HARQ processes are not moved to another carrier. Using e.g. RLC retransmissions would be simpler from RAN2 point of view (no specification impact). 
6	With DRS as starting point, RAN2 considers the RRM measurement and reporting would be feasible for LAA. Further input from RAN1 is required (e.g. whether RSRQ is supported; how DRS differs from Rel-12; …)
7	Common DRX is used for LAA if it does not result in a need for very short DRX cycles/very long Active times. 
8	For DL the eNB can decide which data of which radio bearer to map to which carrier(s) (licensed/unlicensed). No impact on RAN2 specifications. 
9    LBT for UL data transmission will impact MAC. LBT for DL will not impact data reception in MAC. 




RAN1 has made agreements on measurements on LAA and those are captured in Annex A.

RAN2 has made the initial assumption that RRM measurement and reporting would be feasible for LAA taken DRS as starting point. RAN1 is discussing on the DRS design for LAA. In this contribution we present our preliminary views on cell detection and measurements reporting on the LAA. If LBT is not required before transmitting the short control signalling, DRS can be periodically transmitted, and the cell measurement can be performed based on the periodic DRS as following Rel-12. However if short control signalling cannot be transmitted periodically due to LBT, further investigation on the measurement impacts is required.

2. Discussion
As per the agreements and design principles of LAA in Rel-13, LAA is always to be considered as a secondary cell and aggregated with at least one licensed cell. All the deployment scenarios identified by RAN1 for LAA investigation, the UE will be configured with a PCell in licensed carrier while LAA carrier is configured as SCell. 
PCell is always in charge of mobility control. SCell can be configured after the handover is completed if necessary. Therefore, the UE does not need to support the RRM measurement on LAA carrier for handover purpose. LAA cell detection is required for the configuration of LAA SCell. Given the requirement on LBT restriction, the transmission of cell reference signalling (PSS/SSS/CRS/CSI-RS) may not be presence all time for the cell detection. However the scenario may be seen similar to the small cell on/off and the introduced measurement enhancements for discovery signalling in Rel-12 could also be used in for LAA cell discovery. Moreover, RAN1 has agreed to have DRS design support of detection of DRS from a cell based on a single DRS occasion. Such measurements may be sufficient to configure a LAA SCell for the UE.
The discussion on reference signal design and the measurement accuracy/performance requirement are within scope of RAN1 and RAN4. While RAN1 and RAN4 discussions on LAA measurements ongoing, one aspect RAN2 can discuss is the use of LAA measurements for UE operation.
As indicated above the measurements on LAA cell may not to be used for the handover purposes given that LAA cell is not to be configured as PCell. The measurement on LAA is at least necessary to determine the configuration/de-configuration and activation/deactivation of a LAA SCell.
Compared to Rel-12 DRS measurements, reference signal transmission in LAA cell is subject to the LBT requirement. Even when the cell is activated for the UE, reference signal may be absence due to busy channel. This wasn’t the situation in small cell on/off scenarios in Rel-12. When the cell is on, the reference signal is periodically transmitted in the cell in Rel-12. The on/off nature of reference signal transmission on LAA cell due to LBT requirement would have impact on measurement on LAA cell. 
If the measurements are to be used for the activation of the LAA cell, delayed cell activation due to the busy unlicensed channel most likely would not result in much performance loss because the UE would not get much serving opportunity anyway on a busy unlicensed carrier. 
If the measurements are to be used for the deactivation of the LAA cell, the UE measurement may need to be modified to take into account the reference signal design for LAA. However, CSI reporting could also be used for the cell deactivation. 

Proposal 1: The primary use of the RRM measurement on LAA cell is for the configuration and activation of LAA cell and possibly deactivation of the LAA cell.

RAN1 is discussing on how to take into account LBT requirements in transmission of reference signals. When LBT is required before transmitting DRS (e.g. likely in Japan), DRS cannot always be transmitted in the pre-configured subframes. It cannot be transmitted if the channel is sensed busy. Two options were agreed in RAN1 to be considered for DRS transmission. Alt 1 reuses the DRS configuration in Rel-12, but DRS is transmitted only when LBT succeeds. Alt 2 provides a window for the eNB to transmit DRS whenever LBT succeeds within this window. This would require the UE to be able to detect whether DRS is present based on a single DRS occasion.
Above alternatives may have some impacts on RAN4 discussion of the performance requirements. However, current agreements in RAN1 on DRS design for LAA are not likely to have impacts on measurements events and reporting.     
If RAN1 makes additional agreement on DRS design impacting the measurements event and reporting procedure, RAN2 needs to discuss any modification is required for measurement events and reporting. However, based on current RAN1 agreements on DRS design for LAA, legacy measurement and reporting could be reused.  

Proposal 2:  Based on current RAN1 agreements on DRS design for LAA, legacy measurement and reporting could be reused.  

RAN1 has agreed to consider RRM enhancement taking into account RSSI measurement and reports. One aspects of the RSSI measurement as discussed in RAN1 is to use for assisting the channel sensing. However, it is not clear how to use the RSSI measurements reports from a group of UEs in the cell for channel sensing of LAA cell by the eNB. The accuracy of measurement depends on the use of averaging window size. Another aspect which has raised in RAN1 discussion is the hidden node problem and the use of UE measurement reporting to solve the issue. We see quite a few open issues on the use of RSSI based measurements reporting by the UE. 
If RSSI based measurements to be introduced, the measurement event should be designed to cater for the use of RSSI measurement at the eNB. On one hand, the existing measurement events could be reused, on the other hand new measurement events to be defined. Without a clear understanding of the use fullness of such measurement, discussion of measurement events and reporting could not be concluded.

Proposal 3:  RSSI based measurements discussion requires better understanding of the use of the UE reported measurement at the eNB.

Not only the RRM measurement but also CSI measurement on LAA cell may require modification.  In Rel-12, the CSI measurement has been performed based on CRS, or CSI-RS, or CSI-RS and CSI-IM, depending on the transmission mode. RAN1 is still in discussion of which transmission modes to be used for LAA transmission. 
If LBT is not required before transmitting the short control signalling, RS can be periodically transmitted, and the channel measurement can be performed based on the periodic RS. If LBT is required, periodic RS transmission cannot always be guaranteed. A possible enhancement is to use aperiodic RS. Aperiodic RS could be transmitted by itself when the channel is free, or be embedded in the data transmissions. How to perform the CSI measurement taking into account the possible strong interference from close neighbouring LAA cell is within the scope of RAN1.
From CSI reporting point of view, periodic and aperiodic CSI reporting are supported in Rel-12. Periodic reporting can be configured by the network and when the UE has valid measurement information the UE can transmit on the configured CSI resources. Aperiodic CSI reporting supports the CSI reporting on a requested cell in the allocated UL grant on another carrier. Aperiodic CSI reporting can be applied for the LAA cell following Rel-12 CSI reporting procedure. The network request the CSI reporting at the same time as the UE is scheduled on LAA cell. 

Proposal 4: Periodic or Aperiodic CSI reporting can be applied to LAA cells following Rel-12 CSI reporting procedure.

3. Conclusion
In this contribution, we have discussed measurements on LAA SCell based on RAN1 agreements and discussion. The following proposals were made.
Proposal 1: The primary use of the RRM measurement on LAA cell is for the configuration and activation of LAA cell and possibly deactivation of the LAA cell.
Proposal 2:  Based on current RAN1 agreements on DRS design for LAA, legacy measurement and reporting could be reused.  
Proposal 3:  RSSI based measurements discussion required better understanding of the use of the UE reported measurement at the eNB.
Proposal 4: Aperiodic CSI reporting can be applied to LAA cells following Rel-12 CSI reporting procedure.

4. Annex A
RAN1 agreements on LAA measurements.
The following functionalities have been agreed for LAA in RAN1#79-80:
Agreements:
· 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
Agreements:
· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following
· AGC setting
· Channel reservation
· Note: Transmission of the signal(s) may not be required 
· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following
· Detection of the LAA downlink transmission (including cell identification)
· Time & frequency synchronization
· Other functionalities if necessary
· Note that it is not precluded the same signal is used for all above and possibly other functions
· The above functionalities can be supported by other methods (including assistance from licensed carrier)
Agreements from RAN1 adhoc meeting: 
· Consider RRM enhancements, including RSSI measurement and reports 
· FFS: RRM measurement based on a single DRS occasion 
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods 
· 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 
· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT 
· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS 
· Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC 
· Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds 
· Modifications to Rel-12 DMTC configuration are FFS 
· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC 
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