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1 Introduction
In RAN1 #92 [1], the following agreement was made: 
 Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands.
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2 Numerology
NR supports multiple numerologies that are based on exponentially scalable sub-carrier spacing (SCS) f = 2µ × 15 kHz with µ={0,1,3,4} for PSS, SSS and PBCH and µ={0,1,2,3} for other channels. Note that Normal CP (NCP) is supported for all sub-carrier spacings, Extended CP (ECP) is supported only for µ=2. More specifically, for signal and channel other than PSS, SSS, and PBCH the 15kHz, 30kHz, and 60kHz SCS are supported for frequency range 1 (FR1) where its corresponding frequency range is from 450MHz to 6GHz. For FR2 (frequency range is from 24.25GHz to 52.6GHz), the 60kHz and 120kHz SCS are supported.
For LTE unlicensed operation (LTE-LAA) where target operating frequency range is limited to 5GHz unlicensed band, the 15kHz SCS with normal CP is only supported. For NR, it is quite obvious that at least the same SCS should also be supported to provide comparable performance (e.g. coverage, throughput, etc.) in 5GHz unlicensed band. Furthermore, supporting a larger SCS is beneficial for NR-U to increase channel access opportunities while minimizing transmission of unnecessary signal for channel reservation. Therefore, it is desirable for NR-U to support up to 60kHz SCS for signal/channel other than SS/PBCH in sub-7GHz.
For FR2, the specification work to support NR-U for >52.6GHz (e.g. 60GHz unlicensed spectrum) is still unclear, but it can be argued that in principle a larger SCS is beneficial for NR-U to support very large available channel bandwidth (e.g. 2.16GHz channel) in 60GHz unlicensed spectrum. Therefore, additional SCS(s) larger than 120kHz for data transmission can also be considered for 60GHz unlicensed spectrum.
Proposal 1: NR-U should support the SCSs up to 60kHz for sub-7GHz. Additional SCS(s) for FR2 can also be considered for unlicensed spectrum in FR2.
Proposal 2: Extended CP is not considered for NR-U.
3 Variable starting position
For LTE-LAA, a starting position for downlink transmission can be changed according to the outcome of channel access. However, due to the fixed reference signal position (i.e., CRS) and complexity, the number of candidate positions is fixed and limited to each of slot boundaries in a subframe. Therefore, the channel may not be fully utilized for control/data transmission. Unlike LTE, NR is able to support flexible starting positions by non-slot based transmission. Because a DMRS position can be located at the first symbol scheduled for PDSCH/PUSCH and a UE can be configured to monitor CORESET with a short periodicity (e.g., per symbol), PDSCH/PUSCH can be transmitted immediately after accessing the channel. However, to fully utilize these features to lighten the impact of LBT, additional complexity such as UE blind detection overhead and/or power consumption should be carefully considered. In addition, if flexible starting positions for PDSCH/PUSCH depending on the outcome of channel access are supported, gNB/UE may be required to prepare multiple PDSCH/PUSCHs because there may not be enough time for gNB/UE to regenerate the data according to the outcome of LBT. 
For Rel-15 LAA, a UE may start uplink data transmission from the second slot boundary in a scheduled subframe depending on the outcome of channel access. When the transmission starts at the second slot, the first slot of a subframe is punctured. For NR, this approach can be a baseline for supporting flexible starting position. The data punctured due to failure of LBT could be recovered by CBG-based retransmission in NR. 
Proposal 3: Supporting flexible starting position(s) for downlink/uplink transmission depending on the outcome of channel access should be investigated for NR-U.
4 Self-contained channel occupancy time
Besides the DL-only and UL only slot structures, NR licensed also supports the self-contained slot structures wherein the HARQ-ACK feedback is transmitted in the same slot as the DL or UL data transmission. The self-contained structure can also be supported by NR-U, such that there can exist one or multiple DL/UL switching points within the channel occupancy time (COT), which denotes the duration of channel access followed by a successful LBT. Such self-contained COT structure allows more efficient resource utilization in the unlicensed band and faster link adaptation based on HARQ/ACK feedbacks, similar to NR licensed. In addition, supporting the self-contained COT with DL/UL switching point at the beginning of the COT can also facilitate the handshake mechanism between gNB and UE, wherein the gNB and UE can exchange handshake messages before their data transmission to ensure (1) the receiver is ready to receive; and (2) the transmission between the gNB and UE will not cause strong interference to other ongoing transmissions [2].
Despite the benefits of supporting self-contained COT for NR-U, further investigations on the details of the self-contained COT are also needed, such as whether or not a single-shot LBT is needed at the DL/UL switching points for different subcarrier spacings; system impacts and corresponding designs when LBT fails for HARQ-ACK feedbacks; and the number of supported DL/UL switching points within the self-contained COT to balance the feedback latency and implementation complexity.
Proposal 4: NR-U should support self-contained COT, and further investigates the LBT design and structures of the self-contained COT.
5 Conclusion
Proposal 1: NR-U should support the SCSs up to 60kHz for sub-7GHz. Additional SCS(s) for FR2 can also be considered for unlicensed spectrum in FR2
Proposal 2: Extended CP is not considered for NR-U.
Proposal 3: Supporting flexible starting position(s) for downlink/uplink transmission depending on the outcome of channel access should be investigated for NR-U.
Proposal 4: NR-U should support self-contained COT, and further investigates the LBT design and structures of the self-contained COT.
References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #92, Athens, Greece, February 26th – March 2nd, 2018.
[2] R1-1804405, “Potential physical layer procedures for NR-U”, Samsung. 

