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1. Introduction
In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was approved. It is important to enable an LAA carrier to support fast on/off on the subframe or multi-subframe level to improve the efficiency. One critical issue to address for the support of fast on/off is the physical signals to support the functionalities such as cell detection, RRM measurement, time and frequency estimation, and CSI measurement. The following functionalities have been agreed for LAA in RAN1#79:
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
The following agreement was further made regarding these functionalities in RAN1#80:
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)
In this contribution we focus on the support of AGC setting and fine time/frequency synchronization. If short control signaling is allowed on the licensed carrier without LBT (e.g. in Europe), we can largely reuse the existing design by transmitting periodic RS. Therefore we focus the discussion mostly on the case where LBT is required before any transmission (e.g. likely in Japan), unless specified otherwise.

2. AGC Setting
Correct setting for AGC is important because it ensures the received signal is adequately covered by the dynamic range. Incorrect AGC setting would result in degraded performance. The question for LAA is what signals can be used by the UE for AGC setting and whether additional dedicated signals would be needed. AGC setting can be adjusted whenever the UE tries to receive a signal. The time needed for adequate AGC setting adjustment typically depends on how long the UE has not received signal from the serving cell. Considering the fact that LAA has discontinuous transmission and the time between two transmission burst can be unpredictable, it would be desirable to have some signal at the beginning of a transmission burst to assist AGC setting. If LBE is used, there could be a fractional OFDM symbol transmitted to reserve the channel and align with OFDM symbol boundary, but the length of the fractional OFDM symbol could be zero, depending on when the (e)CCA succeeds. So its existence is not guaranteed. For FBE, no reservation signal would be needed. So it would be preferable to add a preamble of one full OFDM symbol before data transmission for AGC purpose. The length of one OFDM symbol takes into account the fact that the starting position of the transmission should align with the OFDM symbol boundary.
Proposal 1: A preamble of one OFDM symbol should be provided before data transmission for AGC purpose.
 
3. Fine Time and Frequency Estimation
Fine time and frequency estimation is necessary for PDSCH and (E)PDCCH demodulation for active UEs. In LTE DL so far, this has been done with continuous time/frequency tracking based on CRS that is transmitted in every subframe. In the evaluation for the new carrier type WI, it was concluded that reduced CRS with the periodicity of 5ms can provide sufficient time and frequency tracking accuracy for bandwidth larger than 1.4MHz. When LBT is enforced, periodic RS signal can no longer be guaranteed, and new mechanism needs to be investigated.
There are mainly three categories of approaches to achieve fine time and frequency estimation in LAA:
· Opportunistic periodic RS and/or aperiodic RS
This approach largely follows the existing LTE DL mechanism and targets for continuous time/frequency tracking. The UE performs time and frequency tracking when periodic RS is opportunistically transmitted. If the accuracy is considered as not sufficient, aperiodic RS can be considered to enhance the accuracy. Whenever additional aperiodic RS is transmitted, the UE grabs the opportunity to perform the estimation. This aperiodic RS, if supported, can be potentially the same as the RS for CSI measurement, as discussed in [2].
One difficulty for opportunistic periodic RS is that the UE would need to blindly detect if the RS is transmitted or not. Besides the additional UE complexity, this can be challenging especially given the unfavourable interference condition on the unlicensed carrier.  An alternative would be to also include a L1 signaling for periodic RS to indicate whether it is transmitted or not. But this essentially becomes the same as the aperiodic RS. 
· Preamble before data transmission
Preamble can be transmitted before the actual data transmission to allow the UE to perform time/frequency synchronization. This would be similar to Wi-Fi operation. This approach would require the preamble design with performance evaluation to ensure the accuracy.
· Opportunistic time and frequency synchronization
By “opportunistic”, it means that the time and frequency estimation does not depend on any periodic signal, and it is done whenever the UE receives any signals from the eNB. These signals could include e.g. the reservation signal, the RS when the eNB is transmitting, the DMRS and the data transmission when the UE is receiving a packet. Considering that the UE may not receive anything for a long time, a timer would be necessary for the eNB and the UE to determine whether the UE is out of sync or not. Naturally this approach may not perform as good as the other two approaches because fewer types of signals can be used for time/frequency estimation purpose. Nonetheless, a similar approach has been adopted for LTE UL and it has provided adequate performance. It may mean that a denser RS pattern may be needed to achieve the desired accuracy.
In reality, the UE may depend on a combination of the above approaches. The UE can always do opportunistic time and frequency synchronization whenever it receives a signal from the eNB. If the accuracy is not considered sufficient, preamble and/or the periodic/aperiodic RS can be considered as additional mechanisms to achieve the desired level of accuracy. Especially if we agree to have preamble for AGC purpose, it can be also used for time and frequency synchronization.

4. Conclusion
In this contribution, we have discussed how to support AGC setting and fine time and frequency estimation in LAA.
For AGC setting, we have the following proposal:
Proposal 1: A preamble of one OFDM symbol should be provided before data transmission for AGC purpose.
For fine time and frequency synchronization, three categories of approaches have been discussed: opportunistic periodic RS and/or aperiodic RS, preamble before data transmission, and opportunistic time and frequency synchronization. A combination of these approaches can be considered.
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