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Introduction
A new Study Item on “Study on NR-based Access to Unlicensed Spectrum” was approved in 3GPP RAN#75 meeting. The study includes the following objectives [1]:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
In RAN1#92 and RAN1#92bis meetings, the following agreements were made [2][3], respectively.
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.

Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

This is a resubmission of R1- 1804598. In this contribution, we will discuss challenges and design options we think RAN1 should consider for unlicensed NR with respect to frame structure.

Discussion
Numerology
As has been agreed in RAN1#92b, SCSs (i.e., 15/30/60KHz) will be taken into consideration for sub-7GHz frequency band operation in NR unlicensed spectrum. Thanks to the configurable numerology, NR offers increasing possibility for devices operating in unlicensed band to access channel shortly after a successful clear channel assessment (CCA) if larger SCS numerology is configured with shorter symbol duration. Although large SCS can sometimes contribute robustly to frequency offsets, 60KHz, however, is precluded in the numerology configuration of SSB in sub-6GHz frequency band according to [4] due to its weak detection performance and coverage. Hence, we have no strong intention to involve 60KHz SCS in SSB numerology configuration unless the channel access latency can be reduced significantly compared with 15/30KHz SCS configuration. In order to solve the latency issue, starting position with 1 OS granularity is at least a potential solution to compensate for the performance loss by using small SCSs (15/30KHz). 
Proposal 1: 60KHz SCS in SS block design will be considered if channel access latency can be significantly reduced.

Time usage                                                                                     
In LTE LAA, DL ending position has been defined as {#3, #6, #9, #10, #11, #12, and #14}, which is indicated in the PDCCH common search space of every subframe within the DL TxOP. On top of that, UL duration and offset, which is equivalent to UL TxOP, is also indicated in the PDCCH. This DL and UL TxOP indication to UE is beneficial in terms of fine channel tracking, accurate CSI measurement, reduction of PDCCH monitoring attempts, and sharing UL TxOP with autonomous UL UE. Also, in NR-U operation, this concept of TxOP indication could be introduced by an enhancement of the SFI (e.g. ending of TxOP, or TxOP duration). Considering the utilization efficiency of the accessed channel, symbol level full flexible TxOP indication by enhanced SFI could be studied.
Proposal 2: Study further enhancement of SFI to indicate TxOP.

Inner TxOP switching and required LBT
In the new feature of autonomous uplink transmission (AUL) in drop 15 FeLAA, shared downlink TxOP  is supported for prompt uplink transmission (both control and data), in which duration however only one switching DL/UL point is allowed. Meanwhile, the TxOP acquired by UE for AUL transmission could also be shared with eNB which shall only send control information to any UE. Similar as DL scenario, more than one switching point (UL-DL-UL) is not allowed. Compared with NR unlicensed operations, two confinements are exposed: 1. AUL transmission type; 2. One allowed switching point.  Thanks to the NR flexible slot format configuration, inner slot DL/UL or UL/DL switching is supported even in the normal transmission mode. Since the TxOP may contain multiple slots, multiple switching points could be allowed within the shared TxOP. That is to say, multiple DL/UL or UL/DL switching points are surely supported within the same TxOP, which may help fulfill some NR QoS requirements, e.g., URLLC. Although frequent DL/UL and/or UL/DL switching may reduce the transmission latency and ease the HARQ timing design, the upper bound of total number of switching points should be limited with respect to the configured numerology, channel access priority class (configured MCOT duration) and corresponding QoS requirements. 
Observation 1: The total number of switching point within the shared TxOP shall be limited.
Proposal 3: Study the total number of switching point within the shared TxOP with respect to numerology, channel access priority class and corresponding QoS requirements.
[bookmark: _GoBack]Another issue in regarding to the inner TxOP switching is the required listen-before-talk (LBT) at the switching point. Adopting 15KHz SCS in FeLAA, AUL requires type2 (25us) LBT when switching happens. The reason for this is that the gap duration which includes integer multiples of an OFDM symbol is much larger than 16us, the required minimum sensing gap. Another interpretation of the gap is the time length from the end DL reservation signal to the start of UL transmission. However, it is RAN4 decision on the definition of this gap. In this paper, the influence of gap length on channel access requirement is discussed herein. As stated in ETSI BRAN, responding device can skip channel sensing if the gap <=16us. By considering multiple switching efficiency and gNB/UE capability, the shorter gap length may appear in NR-U, and corresponding CCA skipping regulation should be considered. For example, a UE is configured 120KHz SCS with single symbol duration of only 9us (including CP). Supposing the gap occupies 2 symbols, it makes no sense if Cat.4 LBT or 25us LBT is still imposed when the system performs DL/UL and/or UL/DL switching within the shared TxOP. In this case, the left UL symbols within the slot/TxOP may be unavailable due to the CCA occupancy, which cannot meet the requirement of ultra-low latency. Hence, it is envisioned that the necessity of performing CCA shall be studied by considering the gNB/UE capability and gap length. 
Observation 2: LBT requirement for each DL/UL burst is related to gNB/UE capability and gap length. .
Proposal 4: Study the necessity of channel access requirement at the switching point.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: 60KHz SCS in SS block design will be considered if channel access latency can be significantly reduced.
Proposal 2: Study further enhancement of SFI to indicate COT.
Proposal 3: Study the total number of switching point within the shared TxOP with respect to numerology, channel access priority and corresponding QoS requirements.
Proposal 4: Study the necessity of channel access requirement at the switching point.
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