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1 Introduction
The LAA Study Item concluded that for DRS transmissions, 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. This applies at least for DL transmission bursts less than 1+x ms, where x << 1 ms.
This contribution addresses several aspects that were left for further study regarding the LBT procedure of DRS transmissions without PDSCH.
2 Discussion
2.1 Transmission burst structure
It has been agreed that a DL transmission burst containing DRS without PDSCH can commence after a single idle sensing interval, in order to improve the likelihood of obtaining channel access. The transmission burst containing DRS without PDSCH can exploit this aspect to implement certain types of fast control signalling, if (E)PDCCH is also transmitted in the subframe(s) containing DRS without PDSCH. For example, UL resource grants or cross-carrier scheduling grants may be sent along with the DRS after the single idle sensing interval. Due to the one-shot detection requirement, LAA DRS is expected to span one subframe within the DRS occasion, which implies that no new (E)PDCCH mapping would be required to fit within the DRS burst. As another associated benefit, the number of empty OFDM symbols in the DRS burst is reduced and the spectral power levels are enhanced, which improves the energy detection reliability of competing systems.
Proposal 1: The DL transmission burst containing DRS without PDSCH, which may be sent after a single idle sensing interval, can potentially also include PDCCH and PCFICH, or (E)PDCCH and associated DMRS.
The LAA DRS design is required to be robust enough for one-shot detection, i.e., accurate cell detection and RRM measurements should be feasible from a single DRS subframe. Therefore, the transmission of multiple subframes containing DRS without PDSCH in the same transmission burst is wasteful and an inefficient use of the unlicensed channel. In addition, using a single sensing interval to transmit a burst starting with a DRS subframe without PDSCH, followed by one or more subframes containing PDSCH appears to circumvent the Category 4 DL LBT scheme that is recommended by the LAA SI TR. The following proposal is then obtained.
Proposal 2: The use of a single idle sensing interval prior to transmission is not allowed for transmission bursts containing DRS without PDSCH that are longer than 1 ms.
2.2 Sensing interval and threshold
The duration of the single idle sensing interval should be short in order to obtain priority access to the channel. As a preferred example, the sensing interval could be a single CCA slot time of 9 µs. DRS transmissions can be given additional priority if the idle CCA slot is within the inter-frame space observed after a busy channel turns idle.
Proposal 3: A single CCA slot is used as the sensing interval for DL transmission bursts containing DRS without PDSCH.
With regard to the sensing threshold for DRS without PDSCH, there does not appear to be any benefit obtained by adapting the threshold relative to that used for other transmissions. Lowering the threshold makes the acquisition of the channel less likely, while raising the threshold makes collisions with non-DRS transmissions more likely. Thus we have the following proposal.
Proposal 4: No sensing threshold adaptation is used for DRS transmissions without PDSCH.

3 Conclusion

This contribution discussed several issues for the LBT procedure of DRS transmissions without PDSCH. The following proposals were made.
Proposal 1: The DL transmission burst containing DRS without PDSCH, which may be sent after a single idle sensing interval, can potentially also include PDCCH and PCFICH, or (E)PDCCH and associated DMRS.
Proposal 2: The use of a single idle sensing interval prior to transmission is not allowed for transmission bursts containing DRS without PDSCH that are longer than 1 ms.
Proposal 3: A single CCA slot is used as the sensing interval for DL transmission bursts containing DRS without PDSCH.
Proposal 4: No sensing threshold adaptation is used for DRS transmissions without PDSCH.
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