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1. Introduction

In the RAN meeting #77, the revised new SID on NR-based Access to Unlicensed Spectrum (NR-U) was agreed [1] and this study item includes the following objectives in RAN1:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 

· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier
In this contribution, physical layer procedures including channel access procedure, initial access procedure, and HARQ procedure are discussed.
2. Channel access procedure
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.
Proposal 1: Reuse legacy channel access procedures as much as possible and study potential enhancement.
In high frequency spectrum, the beam-based downlink and uplink transmission is beneficial to improve the transmission performance and cell coverage by providing additional beamforming gain, which to some extent can compensate the impact of severe channel fading. In both high and low frequency spectrum, multiple links can be transmitted at the same time using the same frequency resource if those links have different directions and each link does not impact the other links nearby. Therefore, beam-based transmission is also beneficial to spatial multiplexing to boost system capacity and should be supported in both high and low unlicensed bands.
To support beam-based unlicensed bands operation, some enhancements to current channel access mechanism, e.g., directional channel access mechanism are worthy study to better facilitate spatial multiplexing. Directional LBT is also beneficial for improving channel access opportunity. For example, with the beamforming gain for directional transmission, the transmit power will be reduced and the corresponding energy detection threshold will be increased, hence the channel access opportunities will be increased.

Proposal 2: Directional channel access mechanisms should be studied for NR-U operations. 
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. In addition, the triggering of directional LBT could be the failure of one omnidirectional LBT procedure in 5GHz band, as shown in Figure 1.

More details regarding channel access mechanisms can be found in companion contribution [2].
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Figure 1: Illustration of LBT procedures with both omnidirectional and directional LBT 
Proposal 3: Omnidirectional LBT and directional LBT should be studied for channel access procedure on NR-U. 
3. Initial access procedure
3.1. SS/PBCH block transmission procedure 
For NR-U operation, SS/PBCH block (SSB) should be transmitted no matter the deployment scenario is CA, DC or SA for the purposes of RRM measurement, synchronization achievement, or initial access. The transmission of SSB on unlicensed carrier should follow the LBT regulation, so periodically transmission of SSB may be interrupted due to LBT failure. Since SSB is important and should have higher priority for transmission, some enhancements are needed. For the same reason, paging transmission should be enhanced. More discussions can be found in companion contribution [3] [4]. 
Proposal 4: SS/PBCH block transmission and paging transmission should be enhanced on NR-U. 
3.2. RACH procedure 

RACH procedures should be investigated at least for DC and SA deployment scenarios. For contention based RACH procedure, there are four steps: UE transmits a PRACH preamble to gNB; gNB transmits the random access response (RAR) to UE for PUSCH resource allocation; UE transmits PUSCH based on received RAR; gNB transmits a feedback on contention resolution result. Carrier sensing should be performed at each step and the access procedure will be delayed if the LBT of any step fails. So 2-step RACH procedure may be studied to reduce the impact of LBT failures to random access delay.
Proposal 5: Both 4-step RACH procedure and 2-step RACH procedure should be studied on NR-U. 
4. HARQ procedure
Self-contained slot transmission and burst transmission could be studied in NR-U to support scheduling with flexible transmission durations, as discussed in companion contribution [5].

For self-contained slot structure, since the purpose of introducing this kind of transmission is to reduce HARQ processing delay for low latency service by transmitting the HARQ feedback in the same slot that PDSCH received, it is straightforward to reuse NR licensed slot structure, except that some gaps may be reserved for channel sensing. 
Proposal 6: Self-contained HARQ feedback should be supported for NR-U deployment. 
For burst transmission, three candidate HARQ procedure options are discussed. In Option 1, available HARQ-ACKs can be directly transmitted after the completion of the DL burst. In Option 2, one PUCCH resource corresponding to one time window, HARQ-ACKs corresponding to PDSCH occurred within this time window are supposed to be transmitted on the PUCCH resource. In Option 3, the PUCCH resource for HARQ-ACK feedback are determined by HARQ timing capability and configured PUCCH resource position together. More details can be found in companion contribution [6].
Proposal 7: Study HARQ procedure for burst transmission on NR-U. 
5. Conclusions
In this contribution, physical layer procedures including channel access procedure, initial access procedure, and HARQ procedure are discussed.
For channel access procedure, it is proposed:

Proposal 1: Reuse legacy channel access procedures as much as possible and study potential enhancement.
Proposal 2: Directional channel access mechanisms should be studied for NR-U operations. 
Proposal 3: Omnidirectional LBT and directional LBT should be studied for channel access procedure on NR-U.
For initial access procedure, it is proposed:

Proposal 4: SS/PBCH block transmission and paging transmission should be enhanced on NR-U.
Proposal 5: Both 4-step RACH procedure and 2-step RACH procedure should be studied on NR-U.
For HARQ procedure, it is proposed:

Proposal 6: Self-contained HARQ feedback should be supported for NR-U deployment. 
Proposal 7: Study HARQ procedure for burst transmission on NR-U. 
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