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1 Introduction

For LAA discussion in RAN1 #81 meeting, agreements on listen-before-talk (LBT) scheme of discovery reference signal (DRS) were agreed that are listed below [1].
· A single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC
· Total sensing period may be greater than one sensing interval referred to in the above

· FFS: Whether the above can be used for the case where transmission burst does not contain PDSCH but contains DRS, and any other reference signals or channels

· FFS: Whether the above can be used for DL transmission bursts longer than 1+x ms, x <<1 ms

· Further discuss the length of the sensing interval, and the energy detection threshold, or their possible ranges

In this contribution, further considerations on LBT scheme of DRS are provided. 
2 Discussion
With the fixed timing for DRS transmission in a DMTC window and subject to LBT, the LAA eNB could probably lose the current transmission opportunity in the fixed time locations due to unsuccessful CCA, and has to wait until the next DRS occasion at least 40 ms later. As the DRS transmission can provide cell discovery and RRM measurements, and may also be used for time and frequency tracking and CSI measurements, it is crucial to guarantee the DRS transmission with high probability even with LBT. As agreed that a single idle sensing interval allows the DRS transmission without PDSCH, this means that there is no backoff scheme for DRS transmission without PDSCH.
As agreed the total sensing period can be greater than the one CCA sensing interval, which means that eNB can attempt multiple CCA checks and any successful CCA can allow the DRS transmission without PDSCH, provided that the DL transmission burst containing the DRS starts right after the successful CCA and the total length of the DL transmission burst is within 1+x ms (x <<1 ms). One implementation is that the eNB performs the CCA for DRS transmission without PDSCH x ms before the DRS subframe assuming the DRS occasion is 1 ms. Within the x ms, a single idle CCA can allow the DRS transmission and possibly with reservation signal after right after the successful CCA time but before the DRS transmission. One example is shown in Alt 1 of Figure 1. This method also applies to the multiple DRS candidate locations in one DMTC. A specific example is shown in Alt 2 of Figure 1. In addition, if shortened DRS occasion less than 1 ms is agreed, the transmission opportunities of DRS can be further increased. The DRS pattern design can be referred to [2]. 
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Figure 1. High priority CCA for DRS transmission without PDSCH

There are still other remaining issues related to the high priority DRS CCA procedure. Additional CSI-RS ports for CSI measurements could be RRC configured within the DRS occasion when the DRS occasion duration is configured as 1 ms. In this way, it is straightforward to apply the above DRS CCA procedure for the DRS transmission with CSI-RS in the DRS occasion but without PDSCH. Once a UE detects the serving cell’s DRS and the DRS is configured with 1 ms duration, the UE can assume that CSI-RS for CSI measurements are transmitted in this subframe. For RRM measurements, the UE would continue to use only port 15.
Proposal 1: Allow the DRS CCA procedure for the DRS transmission with CSI-RS for CSI measurements in the DRS occasion but without PDSCH, if the DRS occasion duration is configured to 1 ms. 
In Rel-12, the length of one DRS occasion can be configured from 1 subframe to 5 subframes for FDD case. However, long DRS occasion would bring up more impact to WI-FI systems, considering the DRS may use short control message mechanism or high priority CCA. Furthermore, one should note that considering the wide bandwidth LAA carrier, one subframe of DRS occasion may be enough for the cell detection and RRM measurements based on the simulation results and discussion in [2]. 
Proposal 2: There is no need to permit the configuration of DRS occasion longer than 1 + x ms. 
In addition, the detailed parameters of the DRS CCA, such as one CCA interval, can reuse those for normal PDSCH CCA procedure to reduce the implementation complexity. 
Proposal 3: The DRS CCA interval and the PDSCH CCA interval are of the same duration. 
3 Conclusion

In this contribution, further considerations on LBT scheme of DRS are provided. These lead the following proposals: 

Proposal 1: Allow the DRS CCA procedure for the DRS transmission with CSI-RS for CSI measurements in the DRS occasion but without PDSCH, if the DRS occasion duration is configured to 1 ms. 
Proposal 2: There is no need to permit the configuration of DRS occasion longer than 1 + x ms. 
Proposal 3: The DRS CCA interval and the PDSCH CCA interval are of the same duration. 
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