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1. Introduction

In the RAN1 meeting #93, the following agreements regarding LBT mechanisms were achieved [1]:
Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 

· Further enhancements not precluded 

· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 

· Further enhancements not precluded 

· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

In this contribution, potential enhancements to LTE-LAA channel access mechanisms as well as feasibility of directional channel access mechanisms for NR-U operation are discussed. 
2. Enhancements to LTE-LAA channel access mechanism
Channel access procedures in 5GHz band for DL and UL transmission have been evaluated and specified in Rel-13 and Rel-14 to guarantee fair coexistence between LAA-LTE and Wi-Fi systems. Those listen before talk (LBT) mechanisms should be the baseline for NR-U operation in 5GHz band according to the SID. For example, one-shot LBT for DRS transmission without PDSCH, prioritized contention window based LBT for data transmission, multiple-carrier sensing Type A and Type B, UL Type 1 LBT and Type 2 LBT, etc., should be reused as much as possible. Enhancements to legacy LBT mechanisms should not be precluded if new issues are identified in NR-U operation.
2.1. LBT within a shared gNB COT 
In the RAN1 meeting #93, it was agreed that [1]:
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: One-shot LBT is used for the gap from DL transmission to UL transmission exceeds 25us within a shared gNB COT.
2.2. LBT for SS/PBCH block transmission without PDSCH
Both SS/PBCH block (SSB) transmission alone and SSB transmission with PDSCH should be supported in NR-U deployment. Similar to DRS transmission, SSB transmission without PDSCH should have a higher priority than SSB transmission with PDSCH. One-shot LBT with the sensing duration of 25us is adopted for DRS alone transmission in LAA-LTE, however, it may be unreasonable to directly reuse such one-shot LBT for SSB alone transmission in NR-U since multiple SSB signals may be transmitted at one time and the SSB transmission duration may be larger than 1ms. Enhancements to LBT for SSB transmission without PDSCH seems necessary. One simple solution is to introduce contention window based LBT for SSB alone transmission with multiple higher priorities for different SSB transmission durations.   
Proposal 2: Introduce prioritized LBT mechanisms for different SSB transmission durations in SSB alone transmission case.
2.3. 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 to determine UE’s channel access priority.   

Proposal 3: Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.
3. Directional channel access mechanism
As discussed in [2], 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. 
3.1. Potential 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. On the other hand, NR defines several SSB patterns in a half frame with different subcarrier spaces. In some patterns, the minimum interval between two SSBs are not long enough for even one-shot LBT with 25us. For example, for 120kHz and 240kHz SCS, there is zero symbol between some SSBs. Directional LBT cannot be performed between these SSBs. One simple solution is that one directional LBT can be performed before a group of SSBs, among which the intervals are not long enough for the sensing duration of LBT. 
Proposal 4: The feasibility of directional LBT for SSB alone transmission should be studied. 
3.2. Potential 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 5: The feasibility of directional LBT for data transmission should be studied. 
4. Conclusions
In this contribution, potential enhancements to legacy channel access mechanisms as well as feasibility of directional channel access mechanisms for NR-U operation are discussed. The following proposals are made.
Proposal 1: One-shot LBT is used for the gap from DL transmission to UL transmission exceeds 25us within a shared gNB COT.
Proposal 2: Introduce prioritized LBT mechanisms for different SSB transmission durations in SSB alone transmission case.
Proposal 3: Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.
Proposal 4: The feasibility of directional LBT for SSB alone transmission should be studied. 
Proposal 5: The feasibility of directional LBT for data transmission should be studied. 
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