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1 Introduction
The objective of new study item on NR-based Access to Unlicensed Spectrum [1] is to identify and evaluate solutions and techniques for NR-based technical solution for unlicensed bands (e.g., 5GHz, 37GHz and 60GHz). In this contribution, we provide our views on starting transmission/reception point and LBT mechanism for NR unlicensed band operation. 
2 Starting transmission/reception point in NR unlicensed bands
In LTE LAA, a starting position for downlink transmission should be determined according to the result of LBT. Considering the fixed position of reference signal for data demodulation (e.g., CRS) and UE complexity, the candidate positions for both DL and UL transmission are limited at slot boundaries of every 0.5ms. However, since LBT may end at any time instance and may not align with a slot boundary, the time period between the end of LBT and the PDCCH/PDSCH transmission may be wasted. That is, the limitation of starting transmission point affect the efficiency of resource utilization. Moreover, if flexible frame structure defined in NR applied in unlicensed spectrum, resource utilization efficiency would be changed when different SCS are considered. For example, frame structure with SCS=30KHz may have more transmission opportunity (with slot boundary of 0.25ms) than SCS=15KHz. Therefore, more starting transmission point in NR unlicensed bands should be supported. 
Another reason to support more starting transmission point is the flexible starting position of PDCCH/PDSCH specified in NR. Note that non-slot based scheduling with front-loaded DMRS has been supported in NR and a UE can be configured to monitor CORESET in a short periodicity (e.g., less than 14 OFDM symbols), it means gNB can provide data scheduling in any time instance. Therefore, NR should support more starting transmission point and gNB can decide the candidate starting transmission points according to the CORESET configuration.
Proposal 1: More starting points should be supported for both DL and UL transmission in NR-U compared with LTE LAA.
3 LBT mechanism in NR unlicensed bands
According to current specification [2], maximum channel bandwidth per NR carrier is 100MHz for FR1 and 400 MHz for FR2. In addition, in order to serve UE with different bandwidth capabilities and/or service types, up to four BWPs could be configured and only one BWP could be activated for a UE. Therefore the LBT mechanism in NR unlicensed spectrum should be studied considering with wider channel bandwidth (i.e., larger than 20MHz) and BWP operation. For example, subband LBT for configurable BWP should be supported in addition to wideband LBT, and a transmitter can perform LBT with a BWP granularity if corresponding signal is scheduled to be transmitted within a BWP. Subband LBT can provide higher channel access opportunity and can be adopted by UE with limited bandwidth capability. Moreover, considering the co-existence with other system (e.g., WIFI), a BWP can be configured within one or multiple 20MHz which is aligned with existing channelization and the LBT could be performed accordingly. As for the wideband LBT for multiple BWPs or subband LBT for a BWP within bandwidth of multiple 20MHz, it can be done in a similar manner as it is done for LTE multiple serving cells (i.e., type A/B multi-carrier access procedure).

Table 1: Transmission bandwidth configuration NRB for FR1 [2]
	SCS [kHz]
	5

MHz
	10

MHz
	15

MHz
	20 MHz
	25 MHz
	30

MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	[189]
	217
	[245]
	273

	60
	N.A
	11
	18
	24
	31
	[38]
	51
	65
	79
	[93]
	107
	[121]
	135


Table 2: Transmission bandwidth configuration NRB for FR2 [2]
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


Since NR unlicensed bands include higher frequency region (e.g., 37GHz and 60GHz), directional LBT should be supported considering beamforming technology would be wildly used. For example, if omni-directional LBT were utilized for subsequent directional transmission, the interference from any direction would block the transmission and thus decrease the transmission opportunity.  Therefore, if the direction of observed interference could align with subsequent directional transmission, the non-necessary blockage would avoided. In addition, the advantage of spatial reuse provided by beamforming technology could be enjoyed in NR unlicensed spectrum.
Proposal 2: Both wideband and subband LBT should be supported in NR unlicensed band operation.
Proposal 3: Directional LBT should be supported in NR unlicensed bands
4 Conclusion

Based on our discussions, we have the following proposals:
Proposal 1: More starting points should be supported for both DL and UL transmission in NR-U compared with LTE LAA.
Proposal 2: Both wideband and subband LBT should be supported in NR unlicensed band operation.
Proposal 3: Directional LBT should be supported in NR unlicensed bands.
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