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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#93, the following agreements were made on the frame structure of NR access in unlicensed spectrum:
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 RAN1#92bis, the frame structure of NR access in the unlicensed spectrum was discussed with the following agreements,
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 further discuss the frame structure of NR system operation in unlicensed bands. 

Frame Structure Aspects of NR System Operation in Unlicensed Spectrum
NR system is designed with flexible frame structure and the consideration of operation in unlicensed spectrum in the beginning. NR frame structure includes the slot and mini-slot structures, different numerology of subcarrier spacing with power 2, flexible starting time of PDSCH/PUSCH transmission in mini-slot with 1 symbol granularity, support of slot aggregation, flexible HARQ timing, dynamic DL/UL configuration within a slot and dynamic bandwidth adaptation through BWP configuration and support of beamforming in the frame structure design.    
The slot is the basic unit of NR frame structure with 14 symbols in length.  Similar to LTE, each radio frame contains 10 subframes in NR.   Each subframe contains 2µ number of slots with µ defined at Table 4.3.2-1 of [2] for different numerologies.   Each SCS would support the range of operating BW in PRBs defined in Table 1 [3]. 

Table 2-1 Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135



Different numerologies could also be configured for the different type of service with different QoS requirements, such as latency requirements, for the access in the unlicensed spectrum.   It was agreed in RAN1#92bis to study SCS 15/30/60 kHz. For large SCS, the symbol duration is shorter.  The granularity in time and the length of a slot would be relatively smaller for large SCS to have a small delay in the access of unlicensed spectrum.   
It was agreed in RAN1#92bis that both Type-A and Type-B mapping with consideration of additional starting position.   The slot boundary starts at the radio frame boundary.  The length of mini-slot varies from 1 to 14 symbols.    The flexibility starting time of PDSCH/PUSCH transmission in mini-slot with 1 symbol granularity enables the immediate NR DL/UL access in the unlicensed spectrum when the channel is sensed to be clear.    The support of slot aggregation would extend the NR transmission interval up to the allowed maximum channel occupancy time (MCOT).   This would improve the efficiency of NR access in unlicensed spectrum.  In Rel-15, only 2-symbol, 4-symbol, and 7-symbol mini-slots are supported.   In order to have an efficient operation in unlicensed spectrum, the flexible mini-slot structure from 1-14 symbols with starting time granularity of 1 symbol should be supported in Rel-16.   
Proposal 1. Mini-slot structure should be used as the starting point for the NR frame structure operation in the unlicensed band.

Proposal 2. The flexible mini-slot structure from 1-14 symbols with starting time granularity of 1 symbol should be supported in Rel-16 for efficient operation in unlicensed spectrum.

The dynamic DL/UL configuration allows dynamic selection of gNB DL transmission or UE UL access in unlicensed spectrum based on DL/UL traffic arrival when the channel is sensed to be clear.   The dynamic DL/UL configuration is explicitly indicated by the SFI in the group common PDCCH.   The DL/UL configuration could also be indicated implicitly through the DL assignment or UL grant.  UE does not need to know the resource unlicensed spectrum would be used for the DL or UL in advance.   UE would assume that the resource is used for DL or UL transmission based on the reception of DL assignment or UL grant.    UE would receive DL PDSCH transmission right after the reception of DL assignment.   For UL transmission, the UE will transmit PUSCH at the scheduled time after receiving the UL grant.  UE might not be able to start PUSCH transmission at the scheduled transmission in unlicensed spectrum.   Thus, implicit DL/UL configuration through DL/UL resource allocation needs to be further studied for the NR access in unlicensed spectrum.
Proposal 3. Implicit DL/UL configuration through DL/UL resource allocation needs to be further studied for the NR access in unlicensed spectrum.

Sub-7GHz NR-U SCSs
In RAN1#92bis, the following agreement was made: 
· 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

In this section, we will discuss some of the above issues.
The performance difference between different SCS
Unlike LTE, where only 15kHz SCS is supported, NR supports SCS ={15, 30, 60}kHz for frequency range FR1. The main benefit of using larger subcarrier spacing is the reduction of the transmission granularity and latency. For example, if SCS=60kHz is used, channel access granularity is reduced by 4 times in comparison with SCS=15 kHz. 

Issues with supporting 60KHz SCS
Rel-15 NR does not support 60kHz SCS for SSB. Thus, if 60kHz is adopted for NR-U SSB, then it requires adding the support of the transmission of SSB with 60kHz SCS. Given that framework of the NR SSB transmission is quite general, we may not expect significant effort to introduce the support of the SSB transmission with 60kHz SCS. 
The transmission of the RMSI/OSI with 60kHz SCS is already supported in NR operation for FR2. To support 60kHz SCS is FR1, there is a need to include the new indication of the RMSI/OSI for supporting 60kHz SCS. For FR1, there is still two spared bits left. One of them may be used for the indication. 


For NR, ECP is supported only for 60kHz. For NR-U, supporting 60 kHz ECP was discussed without conclusion. The main argument for supporting ECP for 60 kHz SCS is the maximum cell radius. For 60kHz SCS, the maximum NCP length is  Tc =1.4us, while the ECP length is =4.2us. It implies the maximum cell radius supported by ECP is three times of the NCP. This is a very attractive feature, although, for NR-U operation, the benefit of supporting much larger cell radius can be limited by the maximum transmission power in NR-U operation. However, the limitation of the maximum transmission power in NR-U operation may be overcome by other approaches, such as interlacing. 

Based on the discussion above we make the following proposal:


Proposal 4. [bookmark: _Ref520967724]Supporting 60kHz subcarrier spacing with SSB/RMSI/OSI for NR-U operation.

Proposal 5. Supporting ECP for 60kHz subcarrier spacing for NR-U operation.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we discussed the frame structure aspects of the NR-based standalone operation in unlicensed bands.  We have the following proposals,    
· Proposal 1: Mini-slot structure should be used as the starting point for the NR frame structure operation in the unlicensed band.  
· Proposal 2: The flexible mini-slot structure from 1-14 symbols with starting time granularity of 1 symbol should be supported in Rel-16 for efficient operation in unlicensed spectrum.
· Proposal 3: Implicit DL/UL configuration through DL/UL resource allocation needs to be further studied for the NR access in unlicensed spectrum.
· Proposal 4: Supporting 60kHz subcarrier spacing for SSB/RMSI/OSI for NR-U operation.
· Proposal 5: Supporting ECP for 60kHz subcarrier spacing for NR-U operation.
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