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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#80bis meeting, the signals for UE’s time/frequency synchronization are discussed, and the agreements are as following [1]:
Agreements:
· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)
· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization
· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)
· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization
· FFS: Other candidates (e.g., initial signal, DRS)
· FFS: DRS for RRM may also support functionality for demodulation of potential broadcast data multiplexed with DRS transmission
· FFS if broadcast data transmission with DRS is recommended to be supported in Rel-13
· It should be noted that the potential broadcast data above cannot enable stand-alone operation of unlicensed carrier cells
· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst

In RAN1#82 meeting, there is a WF[3] discussing the required functionalities of initial signal:
· LAA initial signal includes at least the PSS and the SSS to support at least the following functionalities:
· AGC
· Coarse synchronization
· DL transmission burst blind detection (including cell identification)
[bookmark: _GoBack]However, due to time limitation, no progress has been made yet.

In this contribution, we mainly discuss the initial signal design on the unlicensed carrier.
Discussion
Initial signal
For a communication system, the receiver needs AGC setting and time/frequency synchronization with the transmitter to receive information from the transmitter. The time/frequency synchronization is to find the correct time/frequency resource for reception. The AGC setting is the adjustment of the receiver’s AGC amplifier to make the received signal within the A/D range. Meanwhile, the receiver should also be able to distinguish different transmitters if it receives simultaneous transmissions. In legacy releases, the transmitter identification is cell identification, and it is used for cell selection/association. With multi-operator operation on unlicensed carrier, the transmitter identification should also contain operator identification and it is useful for intra-operator coordination to improve the spectral efficiency.
In the legacy LTE systems, time/frequency synchronization, AGC setting and cell identification are fulfilled by periodically transmitted PSS/SSS/CRS/CSI-RS. However, the uncertainty on unlicensed carrier makes it hard to guarantee periodical transmission of reference signals, as a result, initial signal located at the beginning of a discontinuous burst is necessary to complement the time/frequency synchronization, AGC setting and the transmitter identification functions.
The time unit of channel sensing procedure is a microsecond, while the transmission unit in LAA is an OFDM symbol, which may take about 70 microseconds. As a result, the channel sensing ending boundary may not be aligned with the OFDM symbol. To occupy the channel, reservation signal should be transmitted, so an additional function of the initial signal is channel reservation.
Proposal 1: Support initial signal transmission at the beginning of a discontinuous burst. The functions of initial signal include channel reservation, fine time/frequency synchronization, AGC setting, and cell/operator identification.
Partial symbol transmission
As already cited above, there is a mismatch between the channel sensing time unit and the LAA transmission time unit, so partial symbol initial signal is inevitable. Absolutely, the full symbol initial signal can reuse the legacy LTE reference signals to a large extent, which should have higher priority. However, due to the randomness of the channel sensing procedure, the average partial symbol duration is half symbol, which can’t be neglected. 
The legacy PSS/SSS only occupies the center 62 subcarriers to be applicable to the smallest 1.4MHz system bandwidth. However, according to previous agreement, system bandwidth smaller than 5MHz won’t be considered for the LAA operation. As a result, there will be unused frequency resources for the PSS/SSS symbol.
For an OFDM symbol, actually there are many sampling points in the time domain and subcarriers in the frequency domain. For example, there are 1200 subcarriers in frequency domain and 2048 sampling points in time domain for the 20MHz system bandwidth [2] if CP is not included. The relationship between the time domain value and the frequency domain value is the FFT/IFFT transformation. That is, the value at a specific time domain sampling point is the accommodate result of all the frequency domain values at different subcarriers. 
Specifically, for the PSS/SSS sequence, if decoded from the frequency domain, only detection at the center 62 subcarriers is enough; while if decoded from time domain, all the sampling points should be detected to recover the length-62 sequence, which consumes the whole OFDM symbol. As a result, the legacy PSS/SSS time/frequency resource allocation needs to be adjusted for use in the partial symbol.
There are mainly two options to adjust the PSS/SSS sequence.
· Option 1: Frequency domain expansion.
· Option 2: FFT/IFFT points reduction.
Option 1 is similar to the WiFi preamble. If the distance between adjacent PSS/SSS values changes from 1 subcarrier to M subcarrier, then the time domain periodicity of the PSS/SSS sequence will be reduced to 1/M symbol, which can be used on the partial symbol. The FFT/IFFT points can be kept the same as the data channel. For example, the points can be 2048 for 20MHz system bandwidth.
Option 2 keeps the frequency domain subcarrier allocation of the PSS/SSS sequence unchanged, while the FFT/IFFT points changes from 2048 to 64 for the 20MHz system bandwidth. As a result, the transformed time domain sequence has a length of 64, which can consume only 64 time domain sampling points and then can be carried on the partial symbol.
With time domain duration reduction for the PSS/SSS sequence, if the partial symbol contains multiple reduced periodicities, repetition pattern for multiple periodicities can provide additional multiplexing capacity. It can be used to indicate the operator index.
Proposal 2: Consider time domain duration reduction of PSS/SSS to be carried on the partial symbol.
Conclusion
In this contribution, we analyzed functions of the initial signal and the PSS/SSS adjustment for transmission on the partial symbol, and our proposals are as following:
Proposal 1: Support initial signal transmission at the beginning of a discontinuous burst. The functions of initial signal include channel reservation, fine time/frequency synchronization, AGC setting, and cell/operator identification.
Proposal 2: Consider time domain duration reduction of PSS/SSS to be carried on the partial symbol.
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