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1. Introduction

In RAN1#92bis meeting [1], we made following agreements related to frame structure for NR unlicensed (NR-U) operation.

	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


In this contribution, we discuss numerology and frame structure for NR-U operation.
2. Numerology
As NR supports 15/30/60 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. To align data numerology with SS/PBCH block numerology, we may need to devise SS/PBCH block with 60 kHz SCS, as described in [2]. 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 [3].
As to above 52.6 GHz for NR-U operation, we need to study whether 120 kHz SCS which is the largest SCS allowed for data is sufficient or not, considering the impact of phase noise, UE complexity, and coexistence with 802.11ad/ay. In order to guarantee coexistence with 802.11 ad/ay especially for 60 GHz spectrum, alignment with around 2 GHz channel bandwidth of 802.11ad/ay may be considered for channelization of NR-U, e.g., single carrier or carrier aggregation for around 2 GHz NR-U bandwidth.
Proposal #1: For sub-7 GHz, support 15/30/60 kHz sub-carrier spacing and bandwidth larger than 20 MHz. For above 52.6 GHz, study whether sub-carrier spacing larger than 120 kHz for data is necessary or not.
3. Frame structure
In RAN1#92bis, we agreed that NR frame structure is basically inherited to NR-U. That is, NR-U supports that transmission can start from the middle of slot and finish at the middle of slot by utilizing NR features such as OFDM symbol-level PDCCH monitoring occasion, PDSCH/PUSCH mapping type B, and so on. In this section, we discuss how to configure/detect transmission burst and share channel occupancy of DL/UL transmission bursts.
Since DL transmission can start only when CAP is successful, gNB may need to transmit 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. Furthermore, when directional transmission scheme is applied to gNB side, initial signal can be useful for a UE to determine whether expected transmission beam is used or not. 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 [2].
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 or spatial 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. In case of directional transmission/reception, if directional CAP is performed, only QCL-ed or beam-paired transmission may be allowed within shared COT. 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 considering frequency/spatial domain resource alignment between shared DL/UL transmission bursts.
Proposal #2: Under the frame structure for NR, consider followings for NR-U.
·  Initial signal transmission at least for transmission burst acquisition
·  Channel occupancy time sharing between DL and UL transmission bursts considering bandwidth occupancy and directional channel occupancy
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: For sub-7 GHz, support 15/30/60 kHz sub-carrier spacing and bandwidth larger than 20 MHz. For above 52.6 GHz, study whether sub-carrier spacing larger than 120 kHz for data is necessary or not.
Proposal #2: Under the frame structure for NR, consider followings for NR-U.

·  Initial signal transmission at least for transmission burst acquisition
·  Channel occupancy time sharing between DL and UL transmission bursts considering bandwidth occupancy and directional channel occupancy
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