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1. Introduction
Starting from Rel-13, LTE-LAA/eLAA has been introduced for the unlicensed operation. As Rel-15 NR specifications have been expected to be completed by June 2018, it is beneficial to study the potential leverage of new NR designs to enhance the NR-based unlicensed access and thus NR-unlicensed SI has been approved for the study including various potential frequency spectrum (both below and above 6GHz), deployment scenarios (CA and DC based LAA and standalone with LTE and NR) [1].
In previous RAN1 meeting [4], RAN1 made following agreements related to frequency band and deployment scenarios for further study:
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 techonologies not using unlicensed access in those bands.

Agreement:
From RAN1 design perspective, the study is not limited to a particular unlicensed band
Note: This does not have any implications on prioritizations between unlicensed bands
Note: The study does not target sub-1GHz unlicensed bands

Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

In this contribution, we briefly discuss how NR frame structure and numerology designs can be utilized for the NR-based unlicensed access, as well as potential further enhancements.

1. Numerology for NR-U
Unlike only fixed 15kHz subcarrier spacing (SCS) in LTE, as seen below in Table 1, multiple numerologies/SCSs have been introduced in Rel-15 NR due to wide-spread frequency spectrum, as larger SCSs can be used to support wideband operation with low implementation complexity in high frequency and smaller SCSs can be used in low frequency to maintain large coverage. 
Table 1: Supported transmission numerologies for Rel-15 NR [2]
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal




Figure 1: Channel access granularity with multiple SCSs for NR-U

On 5GHz band, unlike using 15kHz SCS in LAA-LTE, if a larger SCS, i.e., 30/60kHz, is adopted in unlicensed band, the corresponding symbol duration will be shorter, the gNB would have more opportunities to access the unlicensed channel at the symbol boundary and the frequency utilization efficiency would be increased, as shown in Figure 1. On the other hand, the larger SCS makes it feasible to operate wide band, e.g., operate 80MHz as a single carrier in 5GHz band to save guard band and further increase frequency utilization efficiency. In addition, system bandwidth larger than 20 MHz can be efficient to transmit large size of data. To align data numerology with SS/PBCH block numerology, we may need to devise SS/PBCH block with 60 kHz SCS. Regarding larger system BW than 20MHz, it seems necessary to discuss how to perform the LBT at least for 5GHz frequency band.
On 60GHz, the main incumbent systems are 802.11ad and its further evolution 802.11ay, which apply 2.16 GHz channel bandwidth. An LBT mechanism, which is defined by ETSI [3], is mandatory at least in Europe for 60 GHz. Therefore, based on potential larger SCS (e.g. 240kHz SCS for data) than those SCSs NR defines it could be necessary to consider potential further enhancements (e.g., to enhance the spatial reuse and to protect beam sweeping operation) during the study item.
Proposal 1: Adopt the existing NR numerologies for NR-U operation
· Larger SCS (e.g. 240kHz) for 60 GHz may be considered

The other further consideration in NR-U is whether to support 60 kHz numerology for synchronization signal (SS) block. Since this is one of restriction based on discussion of licensed NR operation, we need to reconsider this restriction needs to be maintained for NR-U as well. Introduction of 60kHz SCS for SSB transmission in NR-U would provide double the SSB BW (e.g. PSS/SSS 12*12*60 kHz), higher channel access probability using shorter SSB Tx duration and benefit of the numerology alignment with 60kHz data SCS. 
Proposal 2: Consider introduction of 60 kHz SCS for SSB design.

1. Frame structure for NR-U
NR supports flexible frame structure by semi-static UL/DL configuration through cell-specific and UE-specific assignment and dynamic slot formation indication. The transmission of PDSCH and PUSCH can be scheduled in the duration of symbols, slot, or multi-slots with flexible starting/ending points. Such flexible frame structure and flexible scheduling should be inherited with necessary enhancement in unlicensed bands to improve the frequency utilization efficiency and faster channel access. Correspondingly, similar with LTE LAA, asynchronous HARQ with necessary enhancement should be supported in unlicensed bands. PUCCH transmission in unlicensed carrier should be supported at least for DC and standalone scenarios. 
Proposal 3: All NR licensed based flexible frame structure, flexible scheduling and asynchronous HARQ operation should be inherited in unlicensed bands with necessary enhancement.

For the switching points within the maximum channel occupied time (MCOT), more frequent switching was well justified for latency sensitive data traffic in NR licensed band. On the other hand, for NR-U(unlicensed) operation, it may not be always true due to the unnecessary overhead for performing the channel access procedure in transmitting nodes and related regulatory requirements. Therefore, NR-U operation should be well balanced between such transmission flexibilities and LBT overhead within a MCOT, which can be achieved by means of current NR basic functions we have defined: mini-slot, self-contained slot, DL/UL only slot and dynamic slot format change. Given that NR-U is based on the NR basic structures, the information on how much time gNB occupies the channel needs to be informed of a UE at least for CSI measurement and other UE behaviors. Further details should be FFS.
Proposal 4: It should be studied that how many times the DL/UL switching can be performed within a MCOT in NR-U.
Proposal 5: Study the gNB’s indication on the channel occupancy to UEs for the various UE operations(e.g. CSI/RRM/Beam/RLM measurement, rate matching, etc.).

1. Conclusion
In this contribution, we discussed on frame structure and numerology for NR-U operation. As a conclusion, we summarize proposals as following:
Proposal 1: Adopt the existing NR numerologies for NR-U operation
· Larger SCS (e.g. 240kHz) for 60 GHz may be considered
[bookmark: _GoBack]Proposal 2: Consider introduction of 60 kHz SCS for SSB design.
Proposal 3: All NR licensed based flexible frame structure, flexible scheduling and asynchronous HARQ operation should be inherited in unlicensed bands with necessary enhancement.
Proposal 4: It should be studied that how many times the DL/UL switching can be performed within a MCOT in NR-U.
Proposal 5: Study the gNB’s indication on the channel occupancy to UEs for the various UE operations(e.g. CSI/RRM/Beam/RLM measurement, rate matching, etc.).
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