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1. Introduction

In the RAN1 meeting #92bis, the following agreements regarding LBT mechanisms were achieved [1]:
Agreement:
· 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

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. This contribution is revised from R1-1803976.
2. Legacy 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 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 1: Enhancements to LBT for SSB transmission without PDSCH should be studied.
2.2. LBT for self-contained slot transmission
As discussed in companion contribution [2], self-contained slot transmission is beneficial for low latency service due to shortened HARQ feedback delay and should be studied for NR-U deployment. Since the DL transmission and UL feedback are supposed to be finished within a slot, it is possible to set up multiple short gaps between two transmissions for DL-UL switching. No LBT or one-short LBT may be assumed between transmissions, e.g., one-short LBT for DL transmission and no LBT for the corresponding HARQ feedback. Similar to UL transmission in LAA-LTE, the gaps used for carrier sensing for DL transmission can be reserved at the beginning of the slot or at the end of the last slot.      

Proposal 2: Enhancements to LBT for self-contained slot transmission should be studied.
3. Directional channel access mechanism
As discussed in [3], 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 3: 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 4: 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: Enhancements to LBT for SSB transmission without PDSCH should be studied.
Proposal 2: Enhancements to LBT for self-contained slot transmission should be studied.
Proposal 3: The feasibility of directional LBT for SSB alone transmission should be studied. 
Proposal 4: The feasibility of directional LBT for data transmission should be studied. 

5. References
[1] Chairman's Notes, 3GPP RAN1 Meeting #92bis.
[2] R1-1806849, “Frame structure for NR-U”, OPPO, May 21-25, 2018
[3] R1-1802125, “Channel access mechanisms for NR unlicensed”, OPPO, February 26 - March 2, 2018
