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1. Introduction

This contribution mainly discusses channel access procedures for NR-U, including LBT mechanisms for DL channels and signals, UL channels and signals, and wideband operation. CWS adjustments and directional LBT are also discussed. 

2. LBT within a shared gNB COT
In the RAN1 meeting #93, it was agreed that:
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.

In EN301 893, it is specified:

If a Channel Occupancy consists of more than one transmission the transmissions may be separated by gaps. The

Channel Occupancy Time is the total duration of all transmissions and all gaps of 25 μs duration or less within a

Channel Occupancy and shall not exceed the maximum Channel Occupancy Time.
Gaps for multiple switching points within a COT is allowed. Although the gaps exceeds 25us is not specified in the regulation, it seems reasonable that using one-shot LBT for the gap from DL transmission to UL transmission exceeds 25us within a shared gNB COT.   

Proposal 1: Allow multiple DL to UL and UL to DL switching gaps and one-shot LBT is used for the gap exceeds 25us within a shared gNB COT.
3. LBT for DL channels and signals 

3.1. LBT for SS/PBCH block transmission without PDSCH
In LAA-LTE, DRS transmission without PDSCH has a higher priority than DRS transmission with PDSCH. Since the DRS transmission duration is less than 1ms, one-shot LBT is used to provide higher channel access probability. Similarly, SSB transmission without PDSCH in NR-U should also have a higher priority than SSB transmission with PDSCH. One-shot LBT can be adopted for SSB alone transmission if the SSB transmission duration is less than 1ms. For the case that SSB transmission duration larger than 1ms, for example, multiple SSBs corresponding to different beams are transmitted, Cat-4 LBT with the highest priority should be used.

Proposal 2: One-shot LBT for SSB duration less than 1ms and Cat-4 LBT with the highest priority for SSB duration larger than 1ms should be used for SSB transmission without PDSCH.
3.2. LBT for PDSCH transmission 
Similar to LAA-LTE, Cat-4 LBT with different channel access priorities should be reused for PDSCH transmission in NR-U operation. Regarding CWS (contention window size) adjustment, in the RAN1 meeting #94, the following was agreed:
Agreement: 

In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:

· CBG based HARQ-ACK operation,

· NR scheduling and HARQ-feedback delays and processing times

· wideband (>20 MHz) operation including BWPs

· Configured grant operation

For CBG-based HARQ-ACK operation, each CBG-based HARQ-ACK value should be considered separately when calculating the NACK ratio for CWS adjustment. If some CBGs of the reference PDSCH are not transmitted, for example, for those CBGs which are punctured due to LBT fails, the corresponding CBG-based HARQ-ACK values should not be used for CWS adjustment. 
Proposal 3: CBG-based HARQ-ACK values should be considered separately for CWS adjustment for PDSCH transmission. 
In NR-U, the HARQ-ACK corresponding to PDSCH can be transmitted either by licensed carrier or by unlicensed carrier. For HARQ-ACK transmitted via licensed carrier, LAA-LTE rules can be reused. For HARQ-ACK transmitted via unlicensed carrier, the latest available HARQ-ACK values before eNB performing Cat-4 LBT should be used for CWS adjustment. Considering UE would not transmit HARQ-ACKs if the corresponding LBT fails, eNB should detect the presence of the HARQ-ACK values and only use the present HARQ-ACK values for CWS adjustment.   
Proposal 4: For HARQ-ACK transmitted via unlicensed carrier, the latest available HARQ-ACK values before eNB performing Cat-4 LBT should be used for CWS adjustment. 
4. LBT for UL channels and signals 
4.1. LBT for PRACH transmission
Both contention-based RACH procedure and contention-free RACH procedure should be supported in NR unlicensed. Accordingly, the LBT mechanism for PRACH transmission should be specified. 

For contention-based RACH procedure, since eNB is not aware of preamble transmission at UE side, the LBT mechanism could be pre-defined, for example, using one-short LBT or Cat-4 LBT with the highest priority.

For contention-free RACH procedure, the preamble transmission at UE side is triggered by a PDCCH order, so the corresponding LBT mechanism could be indicated through the PDCCH order, and eNB could have more flexibility, for example, according to the event triggering PRACH transmission, to determine UE’s channel access priority.   

Proposal 5: Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.
4.2. LBT for PUCCH/SRS transmission
For PUCCH/SRS transmission within a shared gNB COT, if the DL to UL switching gap before PUCCH/SRS transmission is less than 16us, no LBT should be applied, and if the DL to UL switching gap before PUCCH/SRS transmission exceeds 16us, one-shot LBT is applied. For PUCCH/SRS transmission outside a gNB COT, considering that PUCCH/SRS should have a higher channel access priority, Cat-4 LBT with the highest priority should be applied.  

Proposal 6: No LBT or one-shot LBT should be applied within a shared gNB COT and Cat-4 LBT with the highest priority should be applied outside a gNB COT for PUCCH or SRS transmission. 
4.3. LBT for PUSCH transmission
For LAA-LTE, CWS adjustment is based on the NDI indication of the reference HARQ process. For CBG-based HARQ-ACK operation for PUSCH transmission, CBG-based HARQ-ACK values should be interpreted as NDI indication of the reference HARQ process. If the NDI is indicated per CBG, each CBG-based HARQ-ACK value should be considered separately to determine the NDI per CBG. If the NDI is indicated per TB, the NDI indicates new data if all the CBG-based HARQ-ACK values of the TB are ACK, otherwise, the NDI indicates retransmission. The interpreted NDI indication can be used for CWS adjustment for PUSCH transmission. 
Proposal 7: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment for PUSCH transmission. 
5. LBT for wideband operation 
For wideband operation, both wideband LBT and subband LBT should be supported no matter UE is configured in CA mode or in multiple BWP mode. CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth. For example:

When adjusting CWS for wideband LBT, the available HARQ-ACK values corresponding to PDSCH transmission on the reference subframes of the latest DL transmission burst within the same wideband should be considered. 
When adjusting CWS for subband LBT, if the last DL burst is wideband transmission with CBG based feedback, the available CBG based HARQ-ACK values corresponding to the CBGs transmitted on the same subband should be used.

When adjusting CWS for subband LBT, if the last DL burst is wideband transmission with TB based feedback, and the second last DL burst is subband transmission or wideband transmission with CBG based feedback, HARQ-ACK values corresponding to the second last DL burst on the same subband should be used.

Proposal 8: CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth. 
6. Directional LBT
Directional LBT, e.g., LBT mechanisms that perform energy detection based on some certain directions to cope with directional antennas/transmissions, is beneficial to support beamforming transmission and to improve channel access opportunity, which is worthy of studying as an enhanced channel access mechanism. This section mainly discusses some potential directional LBT mechanisms. 
6.1. Directional LBT for SS/PBCH block alone transmission 
SS/PBCH blocks are transmitted in the manner of beam sweeping in NR. If directional LBT is introduced in NR-U, it could be performed before each directional SSB transmission. One-shot directional LBT may be performed before each SSB alone transmission, e.g. with the sensing duration of 25us. 
Proposal 9: Study directional LBT for SSB transmission. 
6.2. Directional LBT for data transmission 
Directional LBT for data transmission could follow the channel access procedure of LAA-LTE, except that the energy which is used to determine whether the channel is ‘idle’ or ‘busy’ can be collected at a certain direction, i.e., the energy is received with a receiving beam. Accordingly, the transmit power and the energy detection threshold could be adjusted based on the beamforming gain, and the priority class and other LBT parameters could be determined based on the planned transmission duration at this direction. If the transmission beam and the receiving beam are not totally matched, some compensations may be expected. 
Proposal 10: Study directional LBT for data transmission. 
7. Conclusions
In this contribution, channel access procedures for NR-U including LBT mechanisms for DL channels and signals, UL channels and signals, and wideband operation are discussed. CWS adjustments and directional LBT are also discussed. The following proposals are made.
Proposal 1: Allow multiple DL to UL and UL to DL switching gaps and one-shot LBT is used for the gap exceeds 25us within a shared gNB COT.
Proposal 2: One-shot LBT for SSB duration less than 1ms and Cat-4 LBT with the highest priority for SSB duration larger than 1ms should be used for SSB transmission without PDSCH.
Proposal 3: CBG-based HARQ-ACK values should be considered separately for CWS adjustment for PDSCH transmission.

Proposal 4: For HARQ-ACK transmitted via unlicensed carrier, the latest available HARQ-ACK values before eNB performing Cat-4 LBT should be used for CWS adjustment. 
Proposal 5: Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.

Proposal 6: No LBT or one-shot LBT should be applied within a shared gNB COT and Cat-4 LBT with the highest priority should be applied outside a gNB COT for PUCCH or SRS transmission. 
Proposal 7: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment for PUSCH transmission. 
Proposal 8: CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth. 
Proposal 9: Study directional LBT for SSB transmission. 

Proposal 10: Study directional LBT for data transmission. 

8. References
[1] R1-1808899, “Channel access mechanisms on NR-U”, OPPO.
