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Discussion and decision
1. Introduction
According to 3GPP TR 36.889 [1]，the following agreements about the initial signal for discontinuous transmission on the downlink:

Some of these functions can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission. Note that transmission of these signals may not be required. Functions that can be supported by such signals include at least one of the following.

-
AGC setting

-
Channel reservation

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). 
The potential candidate functions of initial signal have been agreed, however the functions to be standardized and the specific design for initial signal are not decided yet. This contribution is targeted for proposing some deigns principle and further clarify the necessary functions for initial signal. 
2. Discussion
Initial signal is important for LAA DL transmission burst especially for fractional subframe transmission at the beginning of each transmission burst. Considering the restriction of the maximum transmission time, we draw the design principle of initial signal. It can be briefly summarized as “simple and short” which means guarantee the reliability and enable the core functions of initial signal. 
Initial signal should support at least the following functions:

-
Channel reservation

-
Detection of the LAA downlink transmission by UEs

-
Time & frequency synchronization of UEs

Among the three functions, channel reservation and detection of the LAA downlink transmission by UEs are core functions of initial signal. Channel reservation could occupy the channel when LBT is successful and therefore improve the channel occupation rate for LAA SCell. The node will transmit the initial signal when LBT scheme indicates the channel is clean and the DL transmission is no need to wait the next integrated subframe.

Detection of the LAA downlink transmission by UEs could imply UE the starting point of DL LAA SCell transmission in one transmission burst. For example, the initial signal can occupied several OFDM symbols to support data transmission in the first partial subframe at the pre-defined OFDM symbol positions. It could also reduce UE blind detection of downlink transmission and decrease the UE related power consumption.
DRS can be used for time and frequency synchronization for UEs on LAA SCell however the target fine synch may not be achieved. The potential solution is UE based on PSS/SSS signals on primary LTE carrier and processing related compensation scheme. But the frequency spacing of PCell and SCell could be very large in LAA and the compensation algorithm will obviously bring in complexity increasing at the UE side. Initial signal is more appropriate to further support fine time & frequency synch for LAA SCell UEs.
Proposal 1: Initial signal should support several functions as follows:

-
Channel reservation

-
Detection of the LAA downlink transmission by UEs

-
Fine time & frequency synchronization of UEs

Furthermore, in order to decrease the length of initial signal, the necessary information transmitting on licensed carrier could be utilized. For example, the information about detection of the LAA downlink transmission (including cell identification) by UEs could be provided by licensed carrier. And information about channel reservation and time & frequency synchronization of UEs could be still transmitted on unlicensed carrier. In addition, PSS and SSS signal design could be reused in the frequency domain of initial signal for time & frequency synchronization. 

Proposal 2: Assistant information transmitting on licensed carrier could further improve the initial signal performance.
3. Conclusion

In this contribution, we discuss the design principle of initial signal design and corresponding core functions, which leads to the following proposals: 
Proposal 1: Initial signal should support several functions as follows:

-
Channel reservation

-
Detection of the LAA downlink transmission by UEs

-
Fine time & frequency synchronization of UEs

Proposal 2: Assistant information transmitting on licensed carrier could further improve the initial signal performance.
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