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1. Introduction

In this contribution, we discuss numerology and frame structure for NR unlicensed (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 (i.e., including 5 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 time candidates can lead to increased channel access probability. 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, as described in our companion paper [1]. For system bandwidth larger than 20 MHz, it seems necessary to discuss further how to perform channel access procedure (CAP), e.g., CAP over whole bandwidth or individual CAP within each 20 MHz.
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, consider at least 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
According to SID objectives in [2], we need to avoid unnecessary divergence with design for NR WI. Especially for frame structure, we propose to reuse NR design in that the same interval between radio frames/sub-frames/slots is assumed, boundaries for radio frame/sub-frame/slot/symbol are fixed, and symbol/slot boundary is aligned between cells. Also, NR-U can support that transmission starts from the middle of slot by utilizing NR features such as OFDM symbol-level PDCCH monitoring occasion and PDSCH/PUSCH mapping type B, with consideration of reducing gNB/UE complexity (e.g., by determining PDCCH monitoring periodicity depending on slot index or transmission burst occasion).
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 gNB. This signal also can be utilized for AGC gain setting, time/frequency tracking, or transmission beam indication. 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. Alternatively, NR UE may detect transmission burst by using initial signal composed of e.g., SS/PBCH block, PDCCH DM-RS, or CSI-RS.
Proposal #2: Under the frame structure for NR, consider followings for NR-U.
·  Impact of symbol-level granularity for Tx/Rx starting positions on gNB/UE complexity
·  Initial signal transmission for transmission burst acquisition
4. Conclusion
In this contribution, we provided our views on frame structure for NR unlicensed operation, and proposals are as follows.
Proposal #1: For sub-7 GHz, consider at least 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.

·  Impact of symbol-level granularity for Tx/Rx starting positions on gNB/UE complexity
·  Initial signal transmission for transmission burst acquisition
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