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1. Introduction

The new WID on NR-based Access to Unlicensed Spectrum was agreed in RANP meeting #82 [1], detailed objectives of this work item regarding channel access procedures including:

-
For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.

-
For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.

- 
Data multiplexing aspects (for both UL and DL) considering LBT and channel access priorities. (RAN1/RAN2)
- 
Random access: LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1) 

This contribution mainly discusses channel access procedures for NR-U, including LBT mechanisms for DL and UL channels and signals, CWS adjustments and directional LBT for SSB. 

2. LBT mechanisms for DL and UL
2.1. 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. 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.

2.2. 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.

3. CWS adjustment procedure
3.1. 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. 
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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. 

3.2. 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. 

3.3. 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.
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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. 
4. Directional LBT for SS/PBCH block alone transmission
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, especially for the transmission of beamformed SS/PBCH block. 

The 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 beamformed SSB. One-shot directional LBT may be performed before each SSB alone transmission, e.g. with the sensing duration of 25us since the transmission duration of each SSB will be less than 1ms. Figure 3 illustrate the procedure of directional Cat-2 LBT for SSB alone transmission. 
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Figure 3: Illustration of directional Cat-2 LBT for each SSB

Proposal 7: Consider directional Cat-2 LBT for beamformed SS/PBCH block alone transmission. 

5. Conclusions
In this contribution, channel access procedures for NR-U, including LBT mechanisms for DL and UL channels and signals, CWS adjustments and directional LBT for SSB are discussed. 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: Consider directional Cat-2 LBT for beamformed SS/PBCH block alone transmission. 
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