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1 Introduction
In RAN1 #78bis, RAN1 initiated the study phase for Licensed-Assisted Access (LAA) on unlicensed spectrum. During RAN1#79 meeting, the following conclusions about related to UE measurements and synchronization have been made:

Conclusions:

· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
Also, during RAN1#80 meeting, additional agreements were made for supporting discontinuous transmission even with limited burst length:

Agreement:
· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary

· Note that it is not precluded the same signal is used for all above and possibly other functions

· The above functionalities can be supported by other methods (including assistance from licensed carrier)

Based on the conclusions above, this contribution shares our views on designing the initial signal for supporting the discontinuous transmission on unlicensed spectrum for LAA.
2 Discussion
2.1 Functionalities of initial signal
According to the design target, LBT and discontinuous transmission on a carrier with limited maximum transmission duration have been selected as candidate functionalities of LAA system [1]. In addition, the DL subframe boundary between licensed and unlicensed serving cells is assumed to be aligned according to the Rel-12 CA timing relationships. Accordingly, it could be expected that the eNB and UE may not always assume a transmission opportunity is available at the OFDM symbol boundary while LBT should be performed before the LAA transmission. Therefore, a reservation signal should be included in the first part of initial signal for occupying the channel until an OFDM symbol boundary becomes available.
In addition to the purpose of channel reservation, AGC setting and time/frequency synchronization should be considered for supporting the discontinuous transmission. For example, the LAA DL transmission may not be available for hundreds of subframes due to the busy channel. In this case, the initial signal should support AGC setting and time/frequency synchronization for UE to properly receive data burst. The reservation signal can be a good candidate to provide these functions and it can be left for eNB implementation to ensure that UE has enough signal length to complete these works.
The initial signal with additional information can help UE on LAA operation. For example, the initial signal with cell identity can help UE to identify whether the following LAA DL transmission is transmitted by serving eNB. UE can just omit following signals if the LAA burst is not transmitted by serving eNB.
Proposal 1: The initial signal should support the following functionalities:



- Channel reservation




-AGC setting




-Time & frequency synchronization



-Detection of the LAA downlink transmission (including cell identification)
2.2 Detection of LAA DL transmission
If LBT should be performed in an unlicensed serving cell, UE’s power consumption on detecting initial signal for possible discontinuous transmission will be a problem. One solution is to limit eNB’s LBT behaviour wherein the UE can be configured with restricted subframes for monitoring the possible initial signal, accordingly.
For example, as shown in Figure 1, an eNB intends to perform LBT on subframe #n and subframe #m of an unlicensed serving cell, and the initial signal with LAA burst will be transmitted immediately after the successful LBT. In this case, it is not necessary for UE to blindly detect the initial signal on unlicensed serving cell if eNB can provide assist information in advance. As shown in this figure, according to the L1 indicator, the UE can perform the initial signal detection only in subframe#n and subframe#m. 
The restricted positions can be dynamically indicated by DCI or semi-statically configured by RRC signalling. In addition, the restricted subframes indicated by dynamic signalling can be applied to the LBT category 3/4; or can be applied to the LBT category 2 for the case of RRC configuration. The advantage of dynamic signalling is the flexibility of resource utilization, however, the performance impact due to the miss detection and the interference among different LAA nodes should be considered. In contrast, restricted subframes configured by RRC signalling can avoid these problems but it may limit the efficiency of LAA system. As for the length of initial signal detection according to each restricted position, it could be a fixed value or configured by eNB.
Proposal 2: The transmission of initial signal for possible discontinuous transmission should be limited to a set of subframes.
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Figure 1: An example to illustrate the restricted subframes for LBT and corresponding assist indication.
3 Conclusion

According to the discussion, we have following proposals:

Proposal 1: The initial signal should support the following functionalities:




Channel reservation




AGC setting




Time & frequency synchronization



Detection of the LAA downlink transmission (including cell identification)
Proposal 2: The transmission of initial signal for possible discontinuous transmission should be limited to a set of subframes.
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