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Introduction
At the RAN1 #94 meeting, frame structure for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreement:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands
· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· Common interlace structure
· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands
· FFS: PRACH benefits
· FFS: same numerology for DL and UL considering switching gap



In this contribution, we discuss on the issues regarding frame structure for NR-U operation. 

Discussion 
60kHz SCS and ECP for DRS and PRACH transmissions in NR-U 
As we described in [3, 4], we think it is beneficial to support 60 kHz SCS for DRS including SS/PBCH block and RMSI CORESET/PDSCH transmission and PRACH transmission in NR-U sub-7 GHz frequency range in order to be able to keep DRS and PRACH preamble duration shorter because the length of COT is limited and to meet OCB regulation. Additionally, we think extended CP is also needed for 60 kHz SCS transmissions. In IEEE 802.11ax specification, maximum 3.2 us CP length is supported for 78.125 kHz SCS. On the other hand, nominal CP length for SCS 60 kHz is 1.2 us. We think it is better to support extend CP for DRS whose length is 4.2 us not to shorten coverage compared with 11ax systems. NCP with 60 kHz SCS corresponds to path distance of 175 m and ECP with 60 kHz SCS corresponds to path distance of 625 m. Coverage of 175 m may be too short considering outdoor scenarios even if the required coverage for NR-U is shorter than that for NR licensed band. We think PRACH formats in NR can be reused because long CP format is already included.

Proposal 1: 60 kHz SCS for DRS including SS/PBCH block and RMSI CORESET/PDSCH transmission and PRACH transmission should be supported in NR-U sub-7 GHz frequency range.
Proposal 2: ECP for 60 kHz SCS DRS including SS/PBCH block and RMSI CORESET/PDSCH should be supported in NR-U sub-7 GHz frequency range.


Wideband operation in NR-U
We need to discuss how the wideband should be used if more than 20 MHz band, e.g., 80 MHz is available as a result of LBT.  We think there are two approaches to use in wideband transmissions, carrier aggregation (CA) operation based on 20 MHz CC and single carrier wideband transmissions. In CA operation approach, the transmitting entity performs LBT per 20 MHz, and transmits on each CC which is detected as idle state. In single carrier transmission approach, the transmitting entity performs LBT per 20 MHz or consecutive wide band to use, and then transmits on consecutive wide band. 
If other radio communication systems co-exists, the bandwidth which is detected as idle state varies dynamically. In CA approach, the transmitting entity can use bandwidth flexibly according to band occupancy state that changes dynamically as shown in figure 1. On the other hand, in single carrier approach, it may be difficult for the transmitting entity to use bandwidth flexibly as shown in figure 2 because it is difficult to change DCI contents dynamically based on LBT result. That may reduce the transmission opportunity which can be gotten by NR-U systems and that may increase latency of NR-U systems. Therefore, we think it is better to use wideband in unlicensed band with CA operation based on 20 MHz CC. Additionally, in CA operation approach, LBT is performed per 20 MHz CC.
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Figure 1: Wideband usage with CA operation
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Figure 2: Wideband usage with single carrier transmission


Proposal 3: It is beneficial to use wideband which is more than 20 MHz in unlicensed band with CA operation based on 20MHz CC.

Multiple DL/UL switching 
MCOT is allowed up to 10 ms in eLAA and it seems to be applied for NR-U. COT whose duration is 10 ms consists of 40 slots when SCS is 60 kHz. One of the advantages of using 60 kHz SCS is the latency reduction thanks to short granularity of time domain resource. The latency can be further reduced if COT sharing with multiple DL/UL switching is allowed. Low latency communication makes it possible to increase TCP window size wider and that can lead to efficient usage of radio resources. Therefore, we propose to allow multiple DL/UL switching in a COT for NR-U operation. Impact to other coexistence systems should be carefully investigated with simulations. The impact to other coexistence systems may not be so severe if an appropriate channel access procedure such as LBT within a COT is applied. 

Proposal 4: Multiple DL/UL switching in a COT is allowed for NR-U operation.

Conclusion 
In this contribution, we discussed on the issues regarding frame structure for NR-U operation. Based on the discussion above, we made following proposals. 

Proposal 1: 60 kHz SCS for DRS including SS/PBCH block and RMSI CORESET/PDSCH transmission and PRACH transmission should be supported in NR-U sub-7 GHz frequency range.
Proposal 2: ECP for 60 kHz SCS DRS including SS/PBCH block and RMSI CORESET/PDSCH should be supported in NR-U sub-7 GHz frequency range.
Proposal 3: It is beneficial to use wideband which is more than 20 MHz in unlicensed band with CA operation based on 20MHz CC.
Proposal 4: Multiple DL/UL switching in a COT is allowed for NR-U operation.
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