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1 Introduction
In RAN1#92bis meeting, regarding NR-based access to unlicensed spectrum, the frame structure, physical layer channel design and physical layer procedure design are extensively discussed. The related agreements made in [1] are listed below.
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

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U

· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range

Agreement:
· Study possible enhancements for HARQ operation 

· Study changes needed for Configured Grant support in NR-U

· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 

in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  

multiple of 20MHz 

· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms

· Techniques to cope with directional antennas/transmissions

· Receiver assisted LBT : RTS/CTS type mechanism

· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 

· Techniques to enhance spatial reuse 

· Preamble detection

· Enhancements to baseline LBT mechanisms above 7 GHz

· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 

· Note: Other aspects are not precluded from being included

In this contribution, we discuss frame structure issues and present our views. 
2 Discussion
In NR, the frame structure design includes both slot-based transmission and mini-slot based transmission. Multiple flexible starting positions and ending positions for PDSCH transmission and PUSCH transmission are defined in TS38.214. The corresponding starting position and duration for PDSCH type A/B and PUSCH type A/B are listed in below two tables. Based on the starting positions and durations defined for normal CP, PDSCH type A has up to four candidate starting position (i.e., symbol 0, 1, 2 and 3) and twelve candidate ending positions (i.e., symbol 2, 3, …, 13); PDSCH type B has up to 13 candidate starting positions and twelve candidate ending positions (i.e., symbol 2, 3, …, 13); PUSCH type A has only one starting position and up to 11 ending positions; PUSCH type B has up to 14 candidate starting positions and 14 candidate ending positions. The detailed values are listed in Table 1.

Table 5.1.2.1-1: Valid S and L combinations

	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}


Table 6.1.2.1-1: Valid S and L combinations

	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}


Table 1: Candidate starting positions and ending positions for normal CP
	
	Starting positions
	Ending positions

	PDSCH Type A
	{0,1,2,3}
	{2,3,…,13}

	PDSCH Type B
	{0,1,…,12}
	{2,3,…,13}

	PUSCH Type A
	{0}
	{3,4,…,13}

	PUSCH Type B
	{0,1,…,13}
	{0,1,…,13}


Based on the multiple starting positions and ending positions for NR PDSCH/PUSCH, the mini-slot based PDSCH and PUSCH provide high flexibility for starting and ending positions. This flexibility enables the immediate NR DL/UL access in unlicensed spectrum as long as the channel is sensed to be available. Compared to LTE LAA/eLAA, NR-based DL/UL transmission improves the channel utilization efficiency. 

Although only 2-symbol, 4-symbol, and 7-symbol durations for mini-slot based PDSCH are supported, the potential downlink transmission can be started from symbol 0 to symbol 12. Introducing additional starting position, i.e., symbol 13, seems unnecessary in Rel-16.   

Proposal 1: Mini-slot based DL/UL transmission specified in NR Rel-15 is used as baseline for NR-U frame structure design.

Regarding the slot format, besides the DL-only and UL-only slot format, NR has specified 56 different slot formats including zero switching point, one switching point and two switching point within one slot. These 56 slot formats provide full flexibility on different UL and DL resource ratios. 

With the 56 slot formats, NR also introduces dynamic UL/DL reconfiguration in the time scale of one slot. In this way, gNB can adjust the slot structure very quickly to adapt the traffic variation between DL and UL when the channel is sensed to be available. Considering the slot duration is variable according to the subcarrier spacing, the time scale can be 0.25ms when the subcarrier spacing is set to 60KHz. Such dynamic UL/DL reconfiguration can further improve the channel utilization efficiency. 
Regarding the slot structure indication, a group common DCI format, e.g., DCI format 2_0, is used to explicitly indicate the slot format. With the slot format indication by DCI, gNB can dynamically adjust the slot structure and quickly transmit the determined slot structure to UE. Moreover, from UE’s perspective, it can avoid not only performing unnecessarily blind detection in uplink slots but also averaging channel state estimation across DL slots and UL slots.
Proposal 2: DCI format 2_0 is used to explicitly indicate the slot format for unlicensed spectrum.
In LTE eLAA, within a COT, there can be one DL/UL switching point. In this way, eNB can transmit UL grant and receive corresponding PUSCH in same COT. In NR, gNB can further transmit PDSCH and receive corresponding HARQ-ACK or transmit UL grant and receive corresponding PUSCH within same COT. If there is only one DL/UL switching point within one COT, it has the benefit of less gap and lower risk of losing channel due to single DL/UL switching. However, the HARQ-ACK feedback or PUSCH transmission may be delayed to the UL burst after the reception of PDSCH or UL grant in the DL burst within same COT.
Compared to single DL/UL switching point within one COT, multiple DL/UL switching points within one COT can easily realize immediate HARQ-ACK report after reception of PDSCH transmission or fast PUSCH transmission after reception of UL grant. In that sense, multiple DL/UL switching points can simplify HARQ-ACK feedback and PUSCH transmission based on frequent DL/UL switching. However, the problem is more overhead of switching gap is introduced within COT, and an increased risk of losing the channel due to the additional switching gaps within COT.
Proposal 3: Single DL/UL switching point or multiple DL/UL switching points within one COT need further study.
3 Conclusion

In this contribution, we focus on the frame structure issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: Mini-slot based DL/UL transmission specified in NR Rel-15 is used as baseline for NR-U frame structure design.

Proposal 2: DCI format 2_0 is used to explicitly indicate the slot format for unlicensed spectrum.
Proposal 3: Single DL/UL switching point or multiple DL/UL switching points within one MCOT need further study.
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