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1 Introduction
The SI on Licensed-Assisted Access (LAA) to Unlicensed Spectrum [1] was completed and the outcome was captured in [2]. Based on this study, in RAN#68 meeting, a WI on LAA was approved [3]. The goal of this work item is to specify LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum for low power secondary cells based on regional regulatory power limits using carrier aggregation.

During the SI, it has been identified one or more signals need to be transmitted from the beginning of a discontinuous LAA downlink transmission. Functions that can be supported by such signals include at least one of the following [2].

-
AGC setting

-
Channel reservation

Furthermore, 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 [2]

-
Detection of the LAA downlink transmission (including cell identification) by UEs

-
Time & frequency synchronization of UEs

In this contribution, we discuss the details of the initial signal design.
2 Discussion

2.1 Functionality of initial signal 

For LBE, the start time as well as the end time of CCA/ECCA can be at any time of a subframe. Thus, there may be partial symbol and/or multiple OFDM symbols left for initial signal before the actual data transmission. The number and position of OFDM symbol may vary in each competition of an unlicensed carrier. Similarly, the length and position of partial symbol may vary as well. Given that the initial signal transmission in the partial symbol is opportunistic, the primary function of initial signal in a partial symbol is just to reserve the channel. 

For example, the initial signal within a partial OFDM symbol can be filled with data in the next OFDM symbol (that is, some samples in the next OFDM symbol are copied to the partial OFDM symbol). The samples copied are also a longer CP of the next OFDM symbol. This will enlarge the CP of the next OFDM symbol. The enlarged CP can be used for AGC tuning, etc. It is helpful for data receiving and data decoding in the UE side.
Therefore, the functions identified during the SI for the initial signal should only be supported by transmitting one or more signals on full OFDM symbol(s). In addition to the functions such as AGC tuning, channel reservation, cell identification, time and frequency synchronization listed above, the following function should also be supported by initial signal on full OFDM symbol(s).

To identify an LAA operator. Frequency reuse for transmission by neighbour LAA cells of the same operator has been agreed as one target of LAA design [2]. To support frequency reuse, an LAA node should broadcast operator related information such that nearby nodes can determine whether frequency reuse is possible.

Proposal 1: operator identification should be supported by initial signal.
2.2 Initial signal for full OFDM symbol
The design of initial signal includes position of transmission and composition of signals.
Obviously, the initial signal should be transmitted at the beginning of a burst. In other words, it should be adjacent to the partial OFDM symbol with successful CCA. The position of transmitting initial signal should be at least two OFDM symbols adjacent to the partial OFDM symbol with successful CCA as illustrated in the following Figure 1.
Proposal 2: After a successful CCA and before data transmission, at least two OFDM symbols should be used for transmitting initial signal.
Note that other positions of transmitting initial signal are possible, e.g., during a DL data burst where the purpose of transmitting initial signal is primary to reserve the unlicensed carrier. 
In order to support time/frequency synchronization and cell identification, current PSS/SSS is the most straight forward candidate. 

Proposal 3: initial signal contains at least PSS/SSS.
Due to the requirement of radio regulation (i.e. at least 80% of bandwidth) in some areas, the PRBs not occupied by current PSS/SSS should be considered. Two alternatives are considered to fulfill those PRBs. .
Alt. 1, as illustrated in the following Figure 1, current PSS/SSS in LTE and PSS/SSS spread in frequency to cover PRBs not in the center 6 PRBs can be presented in the initial signal. The primary purpose of spreading in frequency is to fulfill with requirement of radio regulation (at least 80% of bandwidth)..
For PSS/SSS spread in frequency domain, there are two options for spreading: 

Option1, simply repeating the PSS/SSS signal in the middle of system bandwidth to the full frequency domain, which only carries PCI information. 

Option2, the other one is utilizing the inserted PSS/SSS to carry some information implicitly, e.g. operator ID to solve the problem of PCI confusion and collision. This method is not a simple repetition of the PSS/SSS. A possible solution is configuring different values of root in ZC-sequence of the inserted PSS to indicate the operator ID. It is FFS for detail design.

Option 2 is preferred for the initial signal design if the frequency reuse within the same operator should be supported.
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Figure 1 Position of transmitting initial signal and PSS/SSS spread in frequency

Alt. 2, as illustrated in the following Figure 2, current PSS/SSS in LTE and CRS (or CSI-RS) to cover PRBs not in the center 6 PRBs can be presented in the initial signal. In addition to reserve an unlicensed carrier, CRS (or CSI-RS) can be used in UE fine synchronization and measurement.
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Figure 2 CRS configuration and PSS/SSS 

In Alt. 1 and Alt. 2 described above, if the PSS/SSS in the center of system bandwidth and CRS (or CSI-RS) to cover non-center 6 PRBs could have different frequency pattern for different operators, then it would be helpful to identify different operators. For example, an LAA eNB transmits the PSS/SSS (in the center of system bandwidth) and CRS (or CSI-RS) on some frequency resources according to some pattern for its own operator while it mutes other frequency resources. A nearby node can identify whether the initial signal comes from the same operator or not. 
Proposal 4: PSS/SSS spread in frequency or CRS (or CSI-RS) is used to occupy the non-center PRBs in the initial signal.
3 Conclusion
In this contribution, we have discussed several aspects of initial signal.  We have the following proposals:

Proposal 1: operator identification should be supported by initial signal.
Proposal 2: After a successful CCA and before data transmission, at least two OFDM symbols should be used for transmitting initial signal.
Proposal 3: initial signal contains at least PSS/SSS.
Proposal 4: PSS/SSS spread in frequency or CRS (or CSI-RS) is used to occupy the non-center PRBs in the initial signal.
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