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1 Introduction

During RAN WG1 #78bis and 79 meeting, the regulatory requirements on the unlicensed spectrum were discussed and the following agreements were achieved [1][2]:

Agreements:

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection

· TPC

*Note: not all functionalities may have a spec impact.

*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
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

In this contribution, we present our views on the potential high layer specification impacts of LBT(Listen-before-talk) mechanism for LAA.  In general, for LAA SCell management, we think some specifications of carrier aggregation can be reused as much as possible.  However, some of them may need to be enhanced to support LAA SCell. In this contribution, we focus on the potential specification impacts from RAN2 perspective.
2 High layer impacts of LBT
Overall procedures for LAA
According to RAN1 assumptions on LAA, carrier aggregation is considered as the major technical option and the procedures of carrier aggregation can be reused if possible for LBT.  For example, by referring to related signaling procedures for carrier aggregation, the overall procedures of SCell addition on unlicensed band can be described as follows.

· Step 0: UE connects to a cell on licensed band and this serving cell is the PCell.

· Step 1: Serving eNB conducts inter-frequency measurement configuration on unlicensed band via PCell.  UE conducts measurement and report the results to the serving eNB.

· Step 2: Serving eNB selects a SCell according to measurement results and configures SCell addition on unlicensed band via PCell.

· Step 3: Serving eNB activate the SCell on unlicensed band.

· Step 4: Data transmission in SCell with DRX pattern configured.

Within the above procedures, we observe that measurement configuration, SCell addition and SCell activation procedures may need to be enhanced to support LAA mechanism.  And, we think that DRX mechanism for LAA pattern needs to be studied.  In summary, we think that from RAN2 point of view, some aspects could be studied for LAA as following.  

· RRM Measurement

· SCell Management including addition/release and Activation/deactivation

· DRX
RRM measurement of unlicensed band

Measurement Gap Configuration

According to RAN1 agreements achieved so far, in order to support some basic functions like coarse synchronization, time and frequency tracking, CSI and RRM measurements in LTE, transmission of reference signals such as PSS/SSS, CRS, CSI-RS, etc. are essential for LAA-LTE systems[3]. But the channel is not always available in LAA system. In order to transmit reference signals, one method is to use short control signal [4] which is required to meet regulatory requirements that maximum duty cycle of 5% within an observation period of 50ms. The other method is that reference signal is transmitted only when the channel is available.

Currently, in TS 36.214, there are two measurement gap patterns with 40/80ms period and 6ms gap length. No matter which method will be used for reference signal transmission, the conventional measurement gap pattern is not sufficient. One problem observed is that with conventional measurement gap pattern, it is possible that the reference signal is not transmitted in the gap duration. 

In addition, if the reference signal is transmitted only when the channel is available, the periodically repeated measurement gap may not be suitable. In order to trigger the measurement gap configuration as soon as the channel is available, new signalling might need to be introduced in addition to measurement configuration in RRC signaling.

RSRP/RSRQ Considering Channel State

If reference signal is transmitted only when channel is available, the RSRP/RSRQ can only be measured when channel is available. In fact, when channel is unavailable, the RSRP/RSRQ results cannot be obtained. Thus if reference signal is transmitted periodically by short control signal, it is also necessary to calculate the measurement results of RSRP/RSRQ of available channel and unavailable channel independently. Both measurement results will be reported or only measurements results of available channel need to be reported. 

In addition, it is possible that there is a cell with higher RSRQ of available channel but the time ratio of available channel is lower. That means the channel available time is short during an observation time. In this case, the cell can only be used with a short time period. Thus when selecting SCell, both RSRP/RSRQ and channel available ratio should be considered.

Proposal 1: RAN2 to discuss whether RRM measurement needs to be enhanced to support LAA on unlicensed band. RAN1 progress and inputs should be considered by RAN2. 
SCell management

SCell management here includes SCell addition/removal and SCell activation/deactivation in carrier aggregation. As noted above, because of LBT on unlicensed, LBT related parameters may need to be configured to UE during SCell addition. For example, in the RRC signalling, the IE of SCell addition for LAA SCell may need to include LBT related parameters, such as CCA time, maximum channel occupancy time and idle time.

Similar to UE behaviour of deactivated SCell in carrier aggregation, we think there may be no search space monitoring, no PDCCH/PDSCH reception, no PUSCH/SRS/CQI transmission of deactivated SCell for LAA. In addition, for LAA SCell, it may be reasonable that there is no CCA on deactivated SCell at UE side. The first time to conduct CCA at UE side could be triggered by SCell activation signalling.  With the triggering signaling of SCell activation, UE can start CCA on LAA SCell according to parameters configured in RRC signalling. 

Proposal 2: RAN2 to discuss whether SCell management procedures need to be enhanced for the unlicensed SCell. 
DRX

As LBT operates on unlicensed band, the channel available time may appear aperiodic. In this case, periodical ON time in DRX cycle may not suitable for UE detection on unlicensed band.  According to DRX configuration in carrier aggregation, each UE has only one DRX pattern in PCell and SCell. That means, for all serving cells, UE wakes up at same time. In LAA system, for serving cells on licensed band, the channel is always available and the DRX pattern is decided only by eNB scheduling for connected mode UEs. While for serving cells on unlicensed band, the channel is not available all the time. It is reasonable that all UEs should turns off receiver and transmitter in unlicensed cell when the channel of unlicensed band is not available, but this may not suitable for serving cells on licensed band.  Thus, we think RAN2 need to discuss whether it is necessary to define a different DRX pattern for serving cells on licensed band and unlicensed band and RAN1 progress and inputs should be considered by RAN2.  
Proposal 3: RAN2 to discuss whether the independent DRX of licensed band and unlicensed band need to be configured.  RAN1 progress and inputs should be considered.
3 Conclusions
In this contribution, we present our initial views on potential high layer specification impacts of LBT in LAA for RAN2. Based on our analysis, we have the following proposals:

Proposal 1: RAN2 to discuss whether RRM measurement needs to be enhanced to support LAA on unlicensed band. RAN1 progress and inputs should be considered. 
Proposal 2: RAN2 to discuss whether SCell management procedures need to be enhanced for the unlicensed SCell. 

Proposal 3: RAN2 to discuss whether the independent DRX of licensed band and unlicensed band need to be configured.  RAN1 progress and inputs should be considered.
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