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1 Introduction
In RAN1#82BIS meeting, the following working assumption is reached [1]. For option 1, it indicates that the initial signal can be used for synchronization.
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
Also in RAN1#82BIS meeting, the following agreement is reached [2] for UE to detect DL transmission burst. 
Agreements:
· UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe (FFS: for partial subframe) subject to LBT
Note that, in RAN1#82bis meeting, it is also agreed that PSS/SSS/CRS may be transmitted in subframe 0 and 5 [2].
Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.
· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.
· FFS: Partial TTI in SF0 and SF5
· FFS: Changes to scrambling for SSS/CRS 
· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)

In this contribution, we share our views on initial signal for synchronization and detection of partial subframe at the beginning of a DL transmission burst.
2 Discussion
When an eNB starts a transmission on an LAA SCell after LBT, accordingly, the UE served by the eNB shall be aware of the start of the transmission and correctly demodulate the physical channels on the SCell. Before data demodulation, the UE shall first detect LAA cell and be synchronized to an LAA cell. Meanwhile, the UE should also acquire DL transmission burst duration and the corresponding sub-frame types (e.g. DL or UL). 
Necessity for initial signal
In current specification [3], DRS has a period of 40 ms, or 80 ms or 160 ms. If the DMTC were 40 ms period, for a “Home BS” [4] like LAA site, the frequency error might reach ±50 kHz, ,which is higher than the subcarrier spacing at 5 GHz. Accordingly, the time error might reach ±10 μs, which is longer than the normal CP. To handle this kind of time / frequency error, the initial signal is necessary and helpful to reduce this kind of error.
Note that CRS maybe used by UE for synchronization in addition to detect the DL transmission burst, however, in the case of a partial subframe at the beginning of the DL transmission burst, the DL burst may start without CRS. Under this circumstance, the initial signal is necessary to achieve synchronization in partial subframe at the beginning of a burst [5]. Furthermore, PSS/SSS contained in the initial signal can improve the synchronization performance when used together with other signals (CRS in OFDM symbol 0 of each normal subframe and possible PSS/SSS/CRS if transmitted on subframe 0 and 5).
In summary, we have the following observation.
Observation: The initial signal is necessary for synchronization.
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Table 1:  Frequency error minimum requirement [4]
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


Synchronization at the beginning of the DL transmission burst
For option 1, an initial signal occupies at least one (or two) OFDM symbol transmitted on an LAA SCell before each DL transmission burst. If the initial signal is introduced, data (PDSCH) may be placed right after the initial signal. Furthermore, some starting positions of PDSCH could be predefined which are tied to the candidate positions of the initial signal so that the complexity of UE blind detection will be reduced. The number of minimum allowed OFDM symbols for PDSCH transmission should be defined and puncturing of a whole subframe to fit the partial subframe may be considered. 
If the current PSS/SSS signal format is reused as the initial signal, from UE perspective, at least coarse synchronization and fine time synchronization can be achieved. Obviously, the detected initial signal can also indicate the start of the LAA DL transmission, in a more efficient way by requiring less UE complexity than the demodulation of physical channel, e.g., PDCCH/EPDCCH. In addition, it is feasible to take this initial signal as a complementary signal to current CRS/DMRS embedded within DL transmission bursts for fine synchronization for the first partial subframe demodulation, especially for fine frequency synchronization in short partial subframes that may only contain one OFDM symbol with CRS or two adjacent OFDM symbols with DMRS. 
On the contrary, if there is no initial signal at the beginning of the DL transmission burst，the following issues need further study and performance investigation:
1. How to determine the beginning of the partial subframe?
2. How to ensure coarse time/frequency synchronization, especially in the case of DRS not transmitted due to LBT?
3. How to ensure the decoding performance of PDSCH and DCI (if any) in the partial subframe due to the coarse time/frequency synchronization cannot be guaranteed.
4. For other options，UE detection or decoding complexity and new UE behaviour needs to be introduced.
Obviously, it is necessary to use an initial signal to help achieve time/frequency synchronization as well as to determine the start of a DL transmission burst. Compared with other options, such as decoding DCI, detection of current PSS/SSS requires lower complexity; therefore, PSS/SSS is more suitable for the initial signal.
If current PSS/SSS signal is reused without repeating in the frequency domain, it cannot meet the bandwidth requirement of the regulation. Thus, CRS can be considered to be transmitted at two sides of PSS/SSS in the frequency domain to meet the regulatory bandwidth requirement and to help achieving fine synchronization.
Proposal: Initial signal (PSS/SSS and CRS adjacent to SSS/PSS in frequency domain) is transmitted before the first data/control OFDM symbol of the DL transmission burst for achieving synchronization at the beginning of the DL transmission burst.
3 Conclusion
In this contribution, we have discussed several aspects of LAA cell detection and synchronization. We have the following observation and proposal:
Observation: The initial signal is necessary for synchronization.
Proposal: Initial signal (PSS/SSS and CRS adjacent to SSS/PSS in frequency domain) is transmitted before the first data/control OFDM symbol of the DL transmission burst for achieving synchronization at the beginning of the DL transmission burst.
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