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In RAN1#82bis, LAA synchronization methods were discussed, and the following working assumption is achieved [1]:
Working assumption:
· Adopt one of the following options for achieving synchronization in addition to synchronization provided by DRS:
· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst. 4 CRS-port 0 OFDM symbols are transmitted in at least the first subframe of DL transmission burst 
· Option 2: 4 CRS-port 0 OFDM symbols are transmitted in a subframe

A follow-up WF [2] on LAA synchronization is also discussed online:
· The following signals are provided subject to LBT by the eNB to enable DL synchronization at UE.
· DRS
· PSS/SSS/CRS in subframe 0 and 5
· other signals when present (e.g. CRS in other subframes)
· RAN4 should decide on appropriate conditions for DL synchronization for the test of performance requirement applicable to UE’s LAA DL reception
However, there is no consensus on this WF.
In this contribution, we mainly discuss the necessity of initial signal at the beginning of a data burst on the unlicensed carrier and the detailed initial signal design options.
Discussion
Necessity of 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. 
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.
Proposal 1: Support initial signal transmission at the beginning of a discontinuous burst. 
Initial signal design
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.
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, so partial symbol transmission is inevitable. Although a UE is not required to monitor partial symbol for energy saving, and the partial symbol transmission can be left to eNB implementation. It is beneficial to have a consistent design for both the partial symbol and the full symbol initial signal. Considering the additional available frequency REs for PSS/SSS transmission, we can use all the REs while shorten the time domain duration.
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.
Proposal 2: Consider time domain shortening of PSS/SSS.
Conclusion
In this contribution, we analyzed the necessity of initial signal and detailed design options, and our proposals are as following:
Proposal 1: Support initial signal transmission at the beginning of a discontinuous burst. 
Proposal 2: Consider time domain shortening of PSS/SSS.
References
[bookmark: _Ref418776036][bookmark: _Ref415649649][bookmark: _Ref408844767][bookmark: _Ref402447549]RAN1#82bis Chairman notes
[bookmark: _Ref418838979][bookmark: _Ref425497401][bookmark: _Ref433628867]R1-156245, LG Electronics, Motorola, Ericsson, Sharp, Qualcomm,  “WF on synchronization in LAA”	, 3GPP RAN1#82bis, Malmo, Sweden, October 2015
