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1. Introduction

In 3GPP TSG RAN #65 meeting, the study item of “Study on Licensed-Assisted Access using LTE” was approved for Release 13 [1]. One of the objectives of the study item is to identify and evaluate physical layer options and enhancements to LTE as follows: 

· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band

In the 3GPP RAN1#78bis meeting, the required functionalities and design targets for LAA in Rel-13 were discussed. By the discussion, the agreement was reached to follows:

· 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
In this contribution, based on the agreed identified functionalities to meet the regulatory requirements, the potential solutions to meet the design targets of licensed-assisted access using LTE (LAA-LTE) are discussed. To support Listen-before-talk (LBT), the SCell in unlicensed band can be dynamically turned on/off. The methods on how to indicate the on/off state of the SCell in unlicensed band for the DL measurement operation are proposed.
2. The SCell on/off indication in unlicensed carrier for LAA
Based on the agreement of previous meeting, LBT was identified essential as a functionality to meet regulatory requirements. In LBT, before transmission in unlicensed band, the Clear Channel Assessment (CCA) is performed. By the CCA, if the equipment finds the Operating Channel(s) to be clear, it may transmit immediately. Otherwise, it shall not transmit. In LBT, there are two different mechanisms: one is Frame based equipment (FBE); the other is Load Based Equipment (LBE). 
FBE is the equipment where the transmit/receive structure is not directly demand-driven but has fixed timing. LBT/CCA is performed periodically at predefined time instances according to a predetermined frame structure. The periodicity (Fixed Frame Period) = Channel Occupancy Time + Idle Period. The Channel Occupancy Time shall be in the range 1 ms to 10 ms and the minimum Idle Period shall be at least 5 % of the Channel Occupancy Time used by the equipment for the current Fixed Frame Period. If the equipment finds the Operating Channel(s) to be clear, it may transmit immediately. If the equipment finds an Operating Channel occupied, it shall not transmit on that channel during the Fixed Frame Period.

Unlike for FBE, LBE is not restricted to perform LBT/CCA according to a specific frame structure, Instead, LBE may perform LBT (CCA) whenever it has data to transmit. Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a CCA check. If the equipment finds the Operating Channel(s) to be clear, it may transmit immediately. The total time that an equipment performs some transmission on an Operating Channel is the Maximum Channel Occupancy Time which shall be less than (13/32) × q ms, where q= {4…32}. That is, when q=32, the Maximum Channel Occupancy Time = 13 ms.  If the equipment finds an Operating Channel occupied, it shall not transmit in that channel. The equipment shall then perform an Extended CCA check in which the Operating Channel(s) is/are observed for the duration of a random factor N multiplied by the CCA observation time. 
From above, we can see that in LAA, the SCell in unlicensed band can be dynamic on/off. Whether it is in on or off state depends on the result of a listen which is unpredictable. So the UE may not assume that the legacy reference signals are always or periodically existed as in the current LTE system for RRM and CSI measurement in unlicensed carrier. However, it may be possible for LAA system to transmit some reference signals periodically without CCA according to the Short Control Signal (SCS) in LBT as proposed in [3]. By this mechanism, it is expected that the discovery signal defined in Rel-12 SCE WI like RS with the periodic transmissions can be helpful for the synchronization, RRM measurement and AGC on unlicensed carriers to prepare the DL data scheduling in future. In addition to periodically transmit the reference signals in off-state, if the LAA node turns on after CCA idle, legacy RSs can be also transmitted as now. 
On the other hand, if we assume that when the SCell carrier is off, there is no any transmission of legacy reference signals such as CRS and CSI-RS, to implement the accurate CSI measurement, the UE should know where the related reference signals are transmitted. Also, even if the UE has not been scheduled via the LAA eNB during long time, the CSI measurement shall be performed for DL scheduling in future.
To solve this problem, two different methods can be considered. One method is by PDCCH/EPDCCH. The other is by blind detection of the reference signal on the SCell in unlicensed carrier. 

In the first method, there is an indicator in DCI format to inform the UE of the ON/OFF state for the SCell on unlicensed carrier. For the SCell on/off, since there are only two states, 1 bit is enough to indicate it. This DCI format should be transmitted by the Pcell on license band. For FBE, this DCI format can be transmitted in the first subframe of every frame period. For LBE, whether this DCI format should be transmitted in each subframe need further study.
In detailed, a new DCI format with the on/off indication for the SCell in unlicensed band will be transmitted by PCell in license carrier.  For each SCell in unlicensed carrier, the 1 bit indicator will be included in this DCI format. Different SCells in unlicensed carrier can be used with different bit in this DCI format. To make the UE know which bit is used for one specific SCell, one command index of this new DCI format 1C should be assigned which can be configured by RRC configuration which is similar way with TPC. At the UE side, by detecting this DCI format in the common search space on the PCell, the UE can know the exact on/off state of the SCell in unlicensed band. Then, it can measure the RRM and CSI correctly.
Another candidate solution can be to use the reference signal for that. If reference signal such as CRS is selected to indicate on/off state, for each subframe, the UE blindly detects whether CRS is existed or not may be by its RSRP value. When the RSRP value is higher than a threshold, the UE can assume this SCell is on in this subframe. The UE can measure the RRM or CSI in this subframe. Otherwise, the UE think it is off in this subframe.
The disadvantage for CRS based solution is that, since there is no CRC check, it may not guarantee whether they correctly detect the on/off state. For the carrier in unlicensed band, the reliability of CRS blind detection will be decreased because of the interference from other technology like WiFi. This problem is even serious when the UE is near the cell edge. The other disadvantage for CRS based solution is that it cannot be used for a case having TPs with shared cell ID such as CoMP scenario 4 where some TPs may be not send CRS. To solve this problem, an enhanced reference signal (eRS) can be introduced. This eRS can have much longer sequence so that the detection performance is higher. Moreover, each TP can assign one eRS independently so that it can be used in the TPs with shared cell ID case. Which REs to transmit this eRS is FFS. 

From above discussion, we have our proposal as follows:
Proposal
- Dynamic signaling (e.g. PDCCH) on a PCell or enhanced reference signal on SCell in unlicensed carrier can be used to indicate the on/off state of SCell in unlicensed carrier for RRM and CSI measure.
3. Conclusions
In this contribution, we discuss the potential solutions to meet the design targets of LAA-LTE. Based on the discussion, we have the following proposal:
Proposal
- Dynamic signaling (e.g. PDCCH) on a PCell or enhanced reference signal on SCell in unlicensed carrier can be used to indicate the on/off state of SCell in unlicensed carrier for RRM and CSI measure.
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