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1. Introduction

In RAN1#93 meeting [1], we made following agreements related to frame structure for NR unlicensed (NR-U) operation.

	Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure

· Identify the changes needed to support FBE operation of NR-U

· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 

· Strive to minimize the change from current NR design

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 

· UE power saving

· Improved coexistence

· Spatial reuse at least within the same operator network 

· Serving cell transmission burst acquisition

· FFS: further usage scenarios


In this contribution, we discuss numerology and frame structure for NR-U operation.
2. Numerology
As NR supports 15/30 kHz (optionally, 60 kHz) sub-carrier spacing (SCS) for data below 6 GHz, we can consider to operate NR-U over sub-7 GHz with SCS larger than LAA SCS (i.e., 15 kHz) and system bandwidth (or bandwidth part) larger than 20 MHz. Larger sub-carrier spacing would be beneficial in that finer granularity for starting position candidates can lead to increased channel access probability. In addition, system bandwidth (or bandwidth part) larger than 20 MHz can be efficient to transmit large size of data. For system bandwidth (or bandwidth part) larger than 20 MHz, when channel access procedure (CAP) is performed in unit of 20 MHz, transmission BW can be smaller than system bandwidth (or bandwidth part). Therefore, we discuss partial band operation in our companion paper [2].
Proposal #1: Support at least 15/30 kHz (FFS for 60 kHz) sub-carrier spacing and bandwidth larger than 20 MHz.
3. Frame structure
In RAN1#93 meeting, it was agreed that using a signal which facilitates its detection with low complexity can be beneficial for some scenarios or use cases such as UE power saving, improved coexistence, spatial reuse enhancement, and serving cell transmission burst acquisition. For the convenience, we call the signal as initial signal. In our opinion, among 4 scenarios or use cases captured in the agreement, at least serving cell transmission burst acquisition should be considered for initial signal design, since gNB needs to transmit the initial signal every transmission burst at least to inform associated UEs that wireless medium is occupied by the gNB. Compared to LAA UE that normally determines the presence or absence of the current DL subframe by using CRS port 0/1 detection, NR UE cannot expect CRS-like signal for transmission burst acquisition. It is noted that transmission burst acquisition is essential not only for scheduled UE to receive DL data but also for not scheduled UE at least to perform CSI measurement. Additionally, the initial signal also can be utilized for fine time/frequency tracking or AGC gain setting. Potential design candidate for the initial signal is discussed in [3].
Similar to LTE LAA, NR-U can support DL/UL transmission sharing within channel occupancy time (COT) in condition that total DL/UL transmission duration does not exceed the maximum time allowed for each channel access priority class. In this case, we need to consider DL/UL resource alignment in frequency domain. In detail, if transmission BW occupied by a node initiating COT is smaller than carrier BW (or bandwidth part), the other node sharing the COT shall occupy the same (or less) BW for the initiating node. Besides, we need to investigate how to inform DL/UL structure of acquired COT to UEs. For instance, slot format indicator (SFI) indicated by group-common PDCCH in NR can be reused (or modified) considering frequency domain resource alignment between shared DL/UL transmission bursts.
In RAN1#93 meeting, it was agreed to study NR-U frame structure based on FBE while striving to minimize the impact of NR specification caused by FBE based frame structure. According to evaluation results from our companion paper [4], it was shown that FBE is better than LBE (with random backoff) for Wi-Fi performance in case of Wi-Fi and LAA coexistence. Also, it was observed that FBE shows better performance than LBE in case of LAA-LAA coexistence. However, in-depth discussion needs to be proceeded not only to satisfy the target minimizing the change from NR specification but also to efficiently adopt FBE based frame structure for NR-U. At least, following areas should be investigated.
· Fair coexistence or prioritization method at least within the same operator network (FFS for asynchronous network or different operator networks)

· How to support periodic DL (or UL) signal transmission with fixed frame period

Proposal #2: Under the frame structure for NR, consider followings for NR-U.
·  Initial signal transmission at least for serving cell transmission burst acquisition
·  Channel occupancy time sharing between DL and UL transmission bursts considering frequency domain occupancy
·  For the study on FBE based frame structure, the followings should be investigated.
· How to guarantee LBT fairness (or prioritization) between different nodes
· How to support periodic signal transmission
4. Conclusion
In this contribution, we provided our views on numerology and frame structure for NR unlicensed operation, and proposals are as follows.
Proposal #1: Support at least 15/30 kHz (FFS for 60 kHz) sub-carrier spacing and bandwidth larger than 20 MHz.
Proposal #2: Under the frame structure for NR, consider followings for NR-U.

·  Initial signal transmission at least for serving cell transmission burst acquisition
·  Channel occupancy time sharing between DL and UL transmission bursts considering frequency domain occupancy
·  For the study on FBE based frame structure, the followings should be investigated.
· How to guarantee LBT fairness (or prioritization) between different nodes
· How to support periodic signal transmission
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