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1 Introduction
During NR-U study item phase, the channel access mechanisms for DL/UL channels and signals have been studied. The agreements were captured in the TR38.889v16.0.0 [1]. In the TSG-RAN#82, Rel-16 NR-Unlicensed WID has been approved [2].
	Section 7.2.1.3.1 in the TR38.889 v16.0.0 
…
For CWS adjustment procedure in NR-U, in addition to aspects considered in LTE LAA, 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 initiation of a COT by the gNB (operating as an LBE device), the channel access schemes in Table 7.2.1.3.1-1 are used.
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


Note: Applicability of an LBT scheme other than Cat 4 LBT for control messages related to initial/random access, mobility, paging, reference signals only, and PDCCH-only transmissions, e.g. "RACH message 4", handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. Further details related to exceptions in this note can be determined when specifications are developed.
For initiation of a COT by the UE, the channel access schemes in Table 7.2.1.3.1-4 are used.
Table 7.2.1.3.1-4: Channel access schemes for initiating a COT by UE as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	RACH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	PUCCH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value


Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of a channel access scheme other than Cat 4 for the following signals / channels have been discussed and details are to be determined when the specifications are developed:
-	UL control information including UCI only on PUSCH, e.g. HARQ-ACK, Scheduling Request, and Channel State Information
-	Random Access


In this contribution, we discuss NR-U channel access mechanisms for NR-U DRS transmission, wideband BWP operations and CWS adjustments and provide our view.

Discussion on Channel Access Procedure for NR-U operation
Channel access schemes for NR-U DRS
During the study item phase, it was agreed that NR-U should have a signal containing at least SS/PBCH block burst set transmission. Furthermore, it was agreed for NR-U DRS to include the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) at the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS). In case of NR-U DRS with RMSI-CORESET(s) and PDSCH(s) carrying RMSI in one contiguous slot, however, it is necessary to further clarify and discuss the details of the channel access type for NR-U DRS transmission. Considering the NR-U standalone operation, since the transmission of both RMSI-CORESET and RMSI from the gNB and the reception of RMSI-CORESET and RMSI at the UE would be essential, it may be desirable to apply simplified LBT, e.g. Cat-2 LBT or Cat-4 LBT with the highest priority (i.e., channel access priority class #1) at the gNB for the transmission of NR-U DRS including RMSI-CORESET and PDSCH carrying RMSI. 
· Proposal 1: For NR-U DRS including RMSI-CORESET and PDSCH carrying RMSI, it may be desirable to apply simplified LBT, e.g. Cat-2 LBT or Cat-4 LBT with the highest priority (i.e., channel access priority class #1) at the gNB.
In addition, it was captured in the TR38.889 [1] that it can be beneficial to allow the transmission of additional signals such as OSI and paging within the NR-U DRS. For NR-U DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR), if the NR-U DRS duty cycle is equal to or less than 1/20 and the total duration is up to 1 ms, 25 µs Cat 2 LBT can be used as in LAA. Otherwise, Cat-4 LBT is used for NR-U DRS. In that case for Cat-4 LBT in NR-U DRS transmission, it is necessary to further clarify the channel access priority class and contention window size when there is no HARQ-ACK feedback for the NR-U DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR) transmission. Considering NR-U DRS for initial access and mobility, even if the NR-U DRS duty cycle exceeds 1/20 or the total duration exceeds 1ms, it may be desirable to use Cat-4 LBT with the highest priority (e.g. channel access priority class #1) and the shortest CWS (e.g. {3}) of allowed CWp sizes such as {3, 7} of the channel access priority class #1 in LTE-LAA. For the case of NR-U DRS multiplexed with non-unicast data having HARQ-ACK feedback, it may be desirable to apply the channel access priority class according to the multiplexed non-unicast data as similar to method for NR-U DRS multiplexed with unicast data 
· Proposal 2: It is necessary to further clarify the channel access priority class and contention window size when there is no HARQ-ACK feedback for NR-U DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR) transmission.
· Proposal 3: We propose to apply the highest priority and the shortest fixed CWS for the NR-U DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR) transmission when there is no HARQ-ACK feedback.
For applying an LBT schemes other than Cat 4 LBT for control messages related to initial/random access, mobility, paging, reference signals only, and PDCCH-only transmissions, e.g. "RACH message 4", handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS, similar to LTE-LAA, Cat-4 LBT should be used as the channel access procedure for the transmission(s) including PDSCH/PDCCH except channel access procedure for transmission including NR-U DRS without PDSCH.

Channel access mechanism for wideband operation
In the TR [1], there are two cases for wideband operation for both DL and UL as following: 
· Bandwidth larger than 20 MHz can be supported with multiple serving cells.
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
For the first case (CA-based) of wideband operation in NR-U, the channel access procedure in LTE-LAA in TS 37.213, i.e., Type-A and Type-B, can be reused for multiple serving cells, where each cell has 20MHz bandwidth.
For the second case (BWP-based) of wideband operation, multi-carrier channel access procedure in LTE-LAA, i.e., Type-A and Type-B, can be also reused for the BWP having multiple 20MHz sub-band(s) in a carrier with larger BW than 20MHz bandwidth. However, in case of applying the Type-A multi-carrier channel access procedure as in LTE-LAA for the BWP-based wideband operation, it should be further investigated whether or not to allow non-contiguous transmission among multiple 20MHz sub-bands.
· Proposal 4: We propose to reuse multi-carrier channel access procedure as in LTE-LAA for the baseline of wideband operation for the bandwidth larger than 20 MHz with the multiple serving cells or a BWP larger than 20MHz.

CWS update mechanism
For NR, in contrast to LTE-LAA, CBG-based transmission and CBG-based HARQ-ACK feedback were adopted for the reduced HARQ processing delay. In addition, NR also supports the flexible DL/UL scheduling and corresponding HARQ-ACK timing according to the UE capability. Therefore, considering the NR-based scheduling and CBG transmission with relevant HARQ feedback/processing times, the channel access mechanisms for DL and UL as used in the LTE-LAA need to be modified. In particular, when CBG-based transmission is used for NR-U operation, it is necessary to deal with TB- and CBG-based A/Ns, separately, in calculating the NACK ratio for updating CWS, due to the fact that the gNB can receive TB-based A/Ns and CBG-based A/Ns from the UE in a given time depending on the UE-specific transmission methods. 
· Proposal 5: When CBG-based transmission is used for NR-U operation, it is necessary to consider TB-based A/Ns and CBG-based A/Ns separately, in calculating the NACK ratio for updating CWS.
It should be also discussed how to determine the reference slot for updating CWS. Similar to LTE-LAA, the reference slot can be the starting slot of the most recent transmission on the carrier, when at least some HARQ-ACK feedbacks are expected to be available. Since both TB- and CBG-based HARQ-ACK corresponding PDSCH in the reference slot can be supported for NR-U operation, the following alternatives should be further investigated when calculating the NACK ratio in the CWS adjustment procedure for NR-U.
· Alt-1: If at least one of CBG-based HARQ-ACKs corresponding PDSCH(s) in a reference slot is ACK, HARQ-ACK feedback(s) corresponding the PDSCH(s) can be counted as ACK(s), otherwise, NACK(s).
· Alt-2: If the first one of CBGs corresponding PDSCH(s) in a reference slot is NACK, HARQ-ACK feedback(s) corresponding the PDSCH(s) can be counted as NACK(s), otherwise, ACK(s).
· Alt-3: If all of CBG-based HARQ-ACKs corresponding PDSCH(s) in a reference slot is ACK(s), HARQ-ACK feedback(s) corresponding the PDSCH(s) is counted as ACK(s), otherwise, NACK(s).

Conclusion
In this contribution, we have discussed the channel access procedure for NR-DRS transmission and CWS adjustment mechanism considering NR CBG-based transmission for NR-U operation. We summarize our view as follows. 
· Proposal 1: For NR-U DRS including RMSI-CORESET and PDSCH carrying RMSI, it may be desirable to apply simplified LBT, e.g. Cat-2 LBT or Cat-4 LBT with the highest priority (i.e., channel access priority class #1) at the gNB.
· Proposal 2: It is necessary to further clarify the channel access priority class and contention window size when there is no HARQ-ACK feedback for NR-U DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR) transmission.
· Proposal 3: We propose to apply the highest priority and the shortest fixed CWS for the NR-U DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR) transmission when there is no HARQ-ACK feedback.
· Proposal 4: We propose to reuse multi-carrier channel access procedure as in LTE-LAA for the baseline of wideband operation for the bandwidth larger than 20 MHz with the multiple serving cells or a BWP larger than 20MHz.
· Proposal 5: When CBG-based transmission is used for NR-U operation, it is necessary to consider TB-based A/Ns and CBG-based A/Ns separately, in calculating the NACK ratio for updating CWS.
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