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Introduction
In RAN1 meeting #96, the following agreements were achieved:
Agreement:
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

This contribution mainly discusses channel access procedures for NR-U, including LBT mechanisms for DL and UL channels and signals, CWS adjustments, LBT for wide-band operation and Cat-2 LBT for 16us < TGap < 25us. Discussion of COT sharing for configured grant uplink can be found in our companion contribution [2].
LBT mechanisms for DL and UL
LBT for DL channels and signals
LBT mechanisms identified during SI phase for gNB initiates a COT is shown in Table 1. 
Table 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.
The concept of apply an LBT scheme other than Cat-4 LBT for high priority information is reasonable, but which information can be considered as such kind of high priority information should be carefully identified.
Gaps for multiple switching points within a gNB-initiated COT is allowed. In RAN1 Ad-Hoc Meeting 1901, the following agreement regarding gap creation is achieved.
Agreement: 
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs

UE may use no-LBT or one-shot LBT before transmission occurred within a gNB-initiated COT. Therefore, gNB should indicate which LBT type is used for UE to determine proper channel access procedure. For example, if gNB schedules a PDSCH transmission with its corresponding HARQ-ACK transmitted on a PUCCH resource in the same COT, gNB should indicate no-LBT or one-shot LBT type of the PUCCH resource to UE.
Proposal 1: LBT type should be indicated to UE for UE to determine proper channel access procedure within a shared gNB COT.
LBT for UL channels and signals
LBT mechanisms identified during SI phase for UE initiates a COT is shown in Table 2. 
Table 2 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
Both contention-based RACH procedure and contention-free RACH procedure should be supported for NR-U. 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 to give gNB more flexibility, for example, according to the event triggering PRACH transmission, to determine UE’s channel access priority.   
Proposal 2: Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.
CWS adjustment procedure
CWS adjustment for PDSCH
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 gNB performing Cat-4 LBT should be used for CWS adjustment, as illustrated in Figure 1. Considering UE would not transmit HARQ-ACKs if the corresponding LBT fails, gNB should detect the presence of the HARQ-ACK values and only use the present HARQ-ACK values for CWS adjustment. 
Proposal 3: For HARQ-ACK transmitted via unlicensed carrier, the latest available HARQ-ACK values before gNB performing Cat-4 LBT should be used for CWS adjustment. 


Figure 1: Illustration of CWS adjustment based on HARQ-ACKs from unlicensed CC
Similar to LAA-LTE, Cat-4 LBT with different channel access priorities should be reused for PDSCH transmission in NR-U operation. CWS (contention window size) adjustment based on HARQ-ACK feedback for Cat-4 LBT should be considered. Unlike LAA-LTE only support TB based HARQ-ACK feedback, CBG based HARQ-ACK feedback is introduced. Correspondingly, CWS adjustment should be enhanced.
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 4: CBG-based HARQ-ACK values should be considered separately for CWS adjustment for PDSCH transmission. 
CWS adjustment for PUSCH
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 5: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment for PUSCH transmission. 
CWS adjustment for wideband
For wideband operation, CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth. Figure 2 gives an example.


Figure 2: Illustration of CWS adjustment for wideband
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 6: CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth. 
LBT for wide-band operation
The following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz are discussed.
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH or UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH or UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
In LTE-LAA, Type A and Type B procedures are specified for multiple-carrier sensing, where Type A requires eNB perform Cat-4 LBT on each carrier and each carrier should follow a single-carrier Cat-4 LBT procedure, Type B requires eNB perform Cat-4 LBT procedure on one single-carrier of the multiple carriers and perform one-shot LBT on all the carriers before the transmission. Both Type A and Type B can be supported as candidate LBT schemes for wide-band operation.
In addition, wideband LBT that gNB performs a Cat-4 LBT procedure on a BWP with bandwidth larger than 20MHz has been discussed during the SI phase. Such kind of wideband LBT can be supported at both gNB and UE side if the wideband is operated in option 2, in which case the transmission is allowed only after the whole wideband is clear. 
Proposal 7: Wideband LBT should be supported for wide-band operation option 2 for a single carrier. 
Cat-2 LBT for 16us < TGap < 25us 
For Cat-2 LBT with the sensing duration 16us < TGap < 25us, the following definition can be considered as illustrated in Figure 3: 
· TGap consists of a duration Tf = TGap-Tsl immediately followed by one slot duration Tsl = 8us and Tf includes an idle slot duration Tsl = 8us at start of Tf. The channel is considered to be idle for TGap if it is sensed to be idle during the slot durations of TGap.
· A slot duration Tsl = 8us is considered to be idle if the eNB senses the channel during the slot duration, and the power detected by the eNB for at least 4us within the slot duration is less than energy detection threshold. Otherwise, the slot duration Tsl is considered to be busy. 


Figure 3: Illustration of Cat-2 LBT with 16us < TGap < 25us
Proposal 8: Consider 8us slot duration for Cat-2 LBT with 16us < TGap < 25us. 
Conclusions
In this contribution, channel access procedures for NR-U, including LBT mechanisms for DL and UL channels and signals, CWS adjustments, LBT for wide-band operation, and Cat-2 LBT for 16us < TGap < 25us. The following proposals are made.
Proposal 1: LBT type should be indicated to UE for UE to determine proper channel access procedure within a shared gNB COT.
Proposal 2: Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.
Proposal 3: For HARQ-ACK transmitted via unlicensed carrier, the latest available HARQ-ACK values before gNB performing Cat-4 LBT should be used for CWS adjustment. 
Proposal 4: CBG-based HARQ-ACK values should be considered separately for CWS adjustment for PDSCH transmission. 
Proposal 5: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment for PUSCH transmission. 
Proposal 6: CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth. 
Proposal 7: Wideband LBT should be supported for wide-band operation option 2 for a single carrier. 
Proposal 8: Consider 8us slot duration for Cat-2 LBT with 16us < TGap < 25us. 
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