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Introduction
In RAN1#92bis meeting, the following agreement was made [1].
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

In this contribution, we discuss the design of DL signals and channels for unlicensed NR.

Discussion
Discovery reference signal
In Rel-13 LTE LAA, DRS which consists of 12 symbols including PSS, SSS, CRS and optionally CSI-RS was introduced to be used for cell detection, time/frequency synchronisation for the cell, and RRM measurement for serving and neighbour cells.
Rel-15 NR supports an SS block which consists of PSS/SSS and PBCH and is used for cell/beam detection, time/frequency synchronisation for the cell, RRM measurement for serving and neighbour cells, and RLM measurement for the serving cell, which means that the SS block has all of the functionality required for DRS. In addition, an SS block consists of 4 symbols, which implies one-shot LBT (LBT Cat.2) could be applied. Therefore, we don’t see the motivation to introduce a new structure for NR DRS and think that the SS block can be reused as NR DRS.
Proposal 1: The structure of NR discovery reference signal should reuse that of SS block.

In licensed bands, synchronisaiton signals basically occupy fixed locations with a periodicity. In LTE, PSS/SSS are transmitted in subframe 0 and 5. In Rel-15 NR, as for LTE, the SS block is located in a predetermined position in order to synchronise slot and symbol timing. For example, for SS blocks with 30 kHz SCS and sub-6 GHz, all SS blocks are contained within first 4 slots of a half frame.
On the other hand, in an unlicensed band, signals cannot be always transmitted due to LBT. If the UE cannot receive a periodic synchronisation signal, it is a problematic for the UE from the synchronization, RRM measurement, and RLM measurement perspectives. To avoid these problems, it consideration should be given to  shifting the SS block in the time domain, subject to LBT. For example, in Rel-13 LTE LAA, to increase DRS transmission opportunities, subject to LBT, DRS could be transmitted in any 5 subframes within the DMTC (Discovery Measurement Timing Configuration) window. Like LTE LAA, in NR-U, since the SS block is the most important signal to access the cell, time shifting of the SS block transmission should be considered. In this case, when the channel is busy, SS block transmission could be suspended until LBT has succeeded.
[bookmark: _GoBack]Proposal 2: SS block time shifting should be studied in order to increase the transmission opportunities of SS block.
[image: ]
Figure 1. SS block time shifting subject to LBT

UE power saving mechanism
To efficiently utilize the accessed channel on unlicensed band, data transmission with fine time granularity would be important. By using wider SCS and non-slot-based scheduling, NR can support data transmission with short duration. However, to facilitate data scheduling with fine time granularity, the UE has to frequently monitor PDCCH occasions. As a result, compared to operation in the licensed bands, UE power consumption on unlicensed band would be increased. Moreover, it is wasteful for the UE to monitor PDCCH when the gNB itself cannot transmit PDCCH due to the channel being busy. Therefore, additional UE power saving mechanisms could be studied in this NR-U Study Item.
In NR-U, as one of the solutions for power saving, we consider to introduce a Wake-Up-Signal (WUS)-like solution, which is introduced in Rel-15 efeMTC. Until receiving WUS, the UE can skip monitoring at least UE-specific PDCCH during time durations where PDCCH cannot be transmitted (e.g. due to the channel being busy) so that the power consumption of PDCCH monitoring could be reduced.
Proposal 3: UE power saving mechanism should be studied in NR-U.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: The structure of NR discovery reference signal should reuse that of SS block.
Proposal 2: SS block time shifting should be studied in order to increase the transmission opportunities of SS block.
Proposal 3: UE power saving mechanism should be studied in NR-U.
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