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1 Introduction
In TR 36.889[1], it includes the following description：
Functions that may need to be supported by one or more signals for LAA operation with discontinuous downlink transmission include at least one of the following:
-	Detection of the LAA downlink transmission (including cell identification) by UEs
-	Time & frequency synchronization of UEs
Note that it is not precluded that the same signal is used for the above and possibly other functions. In addition, the above functionalities can be supported by other methods (including assistance from licensed carrier).
In the subsequent email discussion after RAN1#82 meeting, some options below have been identified for LAA cell detection and synchronization:
For detecting transmissions from a serving cell at the start of the DL transmission burst or during a DL Tx burst.
Proposal:
•       Consider the following options for detecting transmissions from a serving cell at the start of the DL transmission burst or during a DL Tx burst:
–      Option 1: detection of initial signal, which starts before the first data/control OFDM symbol of the DL transmission burst
•       Ex 1: CRS/SSS/PSS in 3 OFDM symbols
•       Ex 2: SSS/PSS in 2 OFDM symbols
–      Option 2: detection of CRS at least in the first OFDM symbol with CRS in a TTI in any DL TTI within the DL transmission burst
–      Option 3: detection of a common DCI transmitted over PDCCH or EPDCCH in any or first DL TTI of the DL transmission burst
–      Option 4: detection of a common signaling transmitted in any or first DL TTI of the DL transmission burst
–      Option 5: detection of a UE-specific DCI transmitted over PDCCH or EPDCCH in each DL TTI of the DL transmission burst
–      Note that the options above may not be mutually exclusive
•       In the above options, FFS how fine synchronization is achieved if the TTI contains CRS only in the first OFDM symbol or contains no CRS (if supported) , and FFS whether/how fine synchronization can be achieved based on a single subframe
–      E.g. in the first subframe of a DL transmission burst, or in the first subframe after a UE comes out of DRX 
In this contribution, we provide our views on LAA cell detection and synchronization.
2 Discussion
When an eNB starts a transmission on an LAA SCell after LBE-based channel sensing, 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 tx burst duration and the corresponding sub-frame types (e.g. DL or UL). 
Detection and synchronization at the beginning of the DL transmission burst
For option 1, an initial signal occupies at least one or two OFDM symbols is 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 for other options：
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?
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 1: Option 1 should be adopted for detecting transmissions from a serving cell at the beginning of the DL transmission burst.
Detection and synchronization during a DL transmission burst
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]Due to the limited transmission burst duration on unlicensed spectrum, UE may not assume physical signals/channels are always present in every subframe of an activated SCell. UE blind detection of LAA DL transmission burst may be needed. Furthermore, since multiple cells can transmit on the same frequency, the UE should also be able to determine cell identity of a detected DL transmission burst, thereby avoiding unnecessary decoding of non-serving cells’ physical channels. UE blind detection of LAA cells should be both efficient and reliable during a DL transmission burst.  
Obviously, Option 1 and 2 is simpler in terms of UE processing complexity via detection of physical signals, while Option 3, 4 and 5 may be more reliable after successful decoding of physical channel. However, reliability of Option 1 and 2 is not an issue if multiple physical signals such PSS/SSS and CRS are jointly used for detection. 
The following requirements should be considered during the DL data transmission:
· To support synchronization for UEs which miss or false detection the DRS or initial signal at the beginning of the DL transmission burst, or UEs just out of DRX.
· To support UE detection to know the subframe type of the transmission burst, which can help UE to do measurement in the subsequent time and also help the eNB to adapt the number of occupied subframes and the corresponding sub-frame types (e.g. DL or UL). 
For Option2, MBSFN-like configuration can reduce CRS overhead and is beneficial for LAA SCell if DMRS based transmission modes are used. However, whether such CRS reduction can maintain UE fine synchronization needs further study. Note that, in previous NCT WI, RAN1 had already studied and concluded that having normal subframe (TTI) including 4 CRS symbols once every 5 or 10 ms is sufficient for time/frequency tracking. But, whether CRS only exists in the first OFDM symbol of each subframe or TTI within DL transmission burst can still provide enough synchronization for demodulation or not is not known. So, during a DL transmission burst, having one or more non-MBSFN subframe(s) with more CRS symbols may still be needed to guarantee fine synchronization.
For Option 3, even though it may not be the best option for detection and synchronization at the beginning of the DL transmission burst, we think it can be a complementary way for UE to obtain some LAA SCell information. For example, a common DCI can carry the information of channel occupancy time and the subframe type (e.g, DL or UL). We prefer a common DCI sine it is beneficial in saving PDCCH/EPDCCH resources compared to UE-specific DCI. Furthermore, we prefer DCI transmitted over PDCCH other than EPDCCH due to PDCCH is always at the beginning of a subframe which is relative easy for UE detection and decoding as well as smaller specification work.
In summary, we think both Option 1, 2 and 3 can be considered together for LAA cell detection and synchronization within the DL transmission burst. The following shows an example of combining option 1, 2 and 3 together.
· Initial signal (e.g. PSS/SSS) can be transmitted repeatedly in the pre-defined positions. For example, the beginning of DL transmission burst and the 5th subframe (if longer than 4 ms channel occupancy duration) can be configured for PSS/SSS.
· CRS should be transmitted in one or more non-MBSFN subframe(s) during the DL transmission burst (including partial subframe) to guarantee fine synchronization.
· A common signalling transmitted in any DL subframe of the DL transmission burst 
· DCI can carry the information of channel occupancy time and the subframe type (DL or UL). The signalling is in the first symbol of every valid DL subframe.
· Carry operator information if needed.
Proposal 2: Both option1, 2 and 3 can be considered together for LAA cell detection and synchronization during a DL transmission burst.
3 Conclusion
In this contribution, we have discussed several aspects of LAA cell detection and synchronization. We have the following proposals:
Proposal 1: detection of initial signal, which starts before the first data/control OFDM symbol of the DL transmission burst should be adopted for detecting transmissions from a serving cell at the beginning of the DL transmission burst.
· initial signal contains CRS/SSS/PSS
Proposal 2: Both option1, 2 and 3 can be considered together for LAA cell detection and synchronization during a DL transmission burst.
· CRS should be transmitted in one or more non-MBSFN subframe(s) during the DL transmission burst (including partial subframe) to guarantee fine synchronization.
· The information of channel occupancy time and the subframe type is carried on a common DCI transmitted over PDCCH in any DL TTI of the DL transmission burst
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