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1. Introduction

In RAN1#94 meeting [1], we made following agreements related to physical layer procedures for NR unlicensed (NR-U) operation.

	Agreement: 

In addition to aspects considered in LTE LAA, CWS adjustment procedure in 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
Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 

· Further enhancements not precluded 

· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 

· Further enhancements not precluded 

· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement: 

· Initial active DL/UL BWP is approximately 20MHz for 5GHz band

· The final value will be quantized to number of PRBs

· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band

FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz


In this contribution, we discuss further details on the channel access procedure for NR-U operation.
2. Channel access procedure in NR-U
In this section, we discuss potential areas to study for designing channel access procedure especially for NR-U, assuming channel access procedure in LAA is baseline for NR-U.

2.1. CWS management

In LTE LAA, eNB/UE’s LBT operation follows a back-off algorithm based on CWS (contention window size) management. Assuming channel access in NR-U relies on the same mechanism, CWS management in NR-U should further consider the following aspects which were newly introduced in NR standards.

Consideration of CBG operation

In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s). In NR, separate HARQ operation is possible for different CBGs (code block groups) even for a same TB. Similar to LAA, CWS management can be based on the ratio of TB level ACK/NACKs obtained by bundling the HARQ-ACK for all CBGs. Considering the background in LAA that the reference subframe was defined as the first subframe of the latest burst was that CWS needs to be increased only if two different nodes transmit data at the same time, HARQ-ACKs for the N CBG(s) which are scheduled to the most advanced time domain resource can also be used to adjust the CWS in NR-U. Similar to DL case, NDI and/or CBGTI value(s) corresponding to M CBG(s) which are scheduled to the most advanced time domain resource for PUSCH can be used to adjust UL CWS in NR-U.
Moreover, it is necessary to consider the case where the units of HARQ-ACK (i.e., TB-level HARQ-ACK or CBG-level HARQ-ACK) for CWS management are differently configured for different UEs and those UEs are scheduled within a reference DL resource. Figure. 1 shows an example where UE1 not configured with CBG (re)transmission and UE2 configured with CBG (re)transmission are scheduled in a reference DL resource at the same time. In this case, we need to discuss further how to adjust CWS by using TB-level HARQ-ACK and CBG-level HARQ-ACK.
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Figure 1. Example of TB-based PDSCH and CBG-based PDSCH mixed case in reference resource.

Proposal #1: For CWS adjustment considering CBG-based (re)transmission,
· For DL, HARQ-ACK values corresponding to N CBGs which are scheduled/transmitted to the most advanced time domain resource within reference DL resource are used.

· FFS for the value of N and reference DL resource
· FFS for the case when TB-based PDSCH and CBG-based PDSCH are mixed in reference DL resource

· For UL, NDI and/or CBGTI values corresponding to M CBGs which are scheduled/transmitted to the most advanced time domain resource within reference UL resource are used.

· FFS for the value of M and reference UL resource

Consideration of flexible DL/UL scheduling/HARQ timing
In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s) and the minimum (/maximum) timing gap between a reference subframe and the corresponding CWS update timing is defined. Specifically for UL CWS update, if a UE receives UL grant at subframe n, the reference subframe for UL CWS update is the first subframe within the latest UL burst starting before subframe n-3. This is because it was assumed that that the minimum HARQ RTT is equal to 8 msec and HARQ delay at UE side is the same with HARQ delay (i.e., 4 msec) at eNB side. 

In NR, gNB scheduler can configure timing relationship between UL grant and corresponding PUSCH transmission (also between PDSCH and UL HARQ feedback) even shorter than 4 msec. Therefore, the minimum timing gap between the reference UL slot and UL grant can be set to be shorter than 4 msec and the minimum timing gap can be configured by gNB (e.g., via separately signalled value or minimum among configured K1/K2 values). In other words, if a UE receives UL grant at slot n, the reference slot for UL CWS update is the first slot within the latest UL burst starting before slot n-X where X can be configurable.
Proposal #2: If a UE receives UL grant at slot n, the reference slot for UL CWS update is the first slot within the latest UL burst starting before slot n-X where X can be configurable.
Consideration of BWP operation
In NR, wider bandwidth operation (up to 100MHz per NR carrier) is supported and a DL/UL BWP having a bandwidth of more than 20 MHz can be configured. In RAN1#92bis meeting, it was agreed that if absence of Wi-Fi cannot be guaranteed (e.g., by regulation) in the band (sub 7GHz), the NR-U operating bandwidth is an integer multiple of 20MHz and LBT can be performed in units of 20MHz (denoted as LBT BW). When PDSCH/PUSCH scheduled with bandwidth greater than 20MHz overlaps with multiple LBT BWs, how to use ACK/NACK of corresponding PDSCH/PUSCH for CWS management should be considered. For example, figure 2 shows that PDSCH is scheduled with bandwidth greater than 20MHz and overlapping with both LBT BW1 and LBT BW2 of gNB. In this case, the HARQ-ACK for PDSCH may be used for CWS management of all overlapping LBT BW (i.e., LBT BW1 and LBT BW2). Alternatively, it may be used only for a specific LBT BW based on the ratio of scheduled DL/UL resources.
In NR, a UE may be configured with multiple DL/UL BWPs for a carrier. Then, gNB can dynamically switch the UE’s operating BWP by DCI. Then it is questionable if a CWS management for a BWP can be succeeded for another BWP. Also, it is questionable what happens if a UE is indicated to switch its BWP but the UE continuously fails in LBT for the new BWP. Therefore, impact on CWS management by BWP switching should be studied for NR-U.
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Figure 2. Example of PDSCH scheduled with bandwidth greater than 20MHz overlaps with multiple LBT BW
Proposal #3: For CWS adjustment with wideband (>20 MHz) operation including BWPs, consider at least following cases.

· Case 1: Scheduled resource for PDSCH/PUSCH in frequency domain is overlapped with multiple units of 20MHz.

· Case 2: Active BWP is changed.
2.2. No-LBT option
In RAN1#93 meeting, it was agreed that no-LBT option can be applied for NR-U if the gap between transmissions is less than 16 usec. No-LBT option can be beneficial for efficient COT sharing, fast HARQ feedback, and RACH procedure (e.g., fast msg3 transmission). Whether no-LBT option is applied or not can be configured by higher layer signalling or indicated with scheduling information. In addition, similar to eLAA where PUSCH starting position (e.g., symbol 0 + 25 usec or symbol 0 + 25 usec + TA) is indicated by reflecting 25 usec LBT operation, NR-U can also indicate UL channel/signal starting position considering 16 usec gap from symbol boundary.
Proposal #4: If no-LBT option is supported, it is necessary to support the mechanism for configuring/indicating no-LBT option for UL transmission and the gap less than 16 usec.
2.3. Timing advance (TA) impact on PRACH transmission
In LTE, the uplink transmission of any physical channel (PUSCH, PUCCH, SRS, etc.) of the UE compensates both the transmission delay from the eNB to the UE and the transmission delay from the UE to the eNB by the TA control for advancing a transmission time point. On the other hands, the PRACH for checking the UL time synchronization is transmitted without TA control. Since PUSCH/PUCCH is adjusted by TA command, it occurs earlier than PRACH for the same UE. 
The PUSCH/PUCCH transmission of a UE may block PRACH transmission of the other intra-cell UE in the same slot, since the power of PUSCH/PUCCH transmission of the UE may be detected during the CCA measurement for PRACH transmission. Figure 3 illustrates an example of the blocking issue between two UEs where PRACH transmission from a UE is blocked by the PUSCH transmission from another UE. There are two options for solving this problem. One is to postpone/change the starting position of PUSCH/PUCCH transmission. Another option is to enlarge the duration of CCA slot or TA value for PRACH transmission
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Figure 3. Example of blocking issue between PRACH and PUSCH
Proposal #5: In order to handle PRACH block issue due to TA difference between FDMed PUSCH/PUCCH and PRACH, consider following options:
· Option 1: Adjusting the starting position of PUSCH/PUCCH transmission in RACH slot
· Option 2: Adjusting the duration of CCA slot or TA value for PRACH transmission
2.4. LBT type signalling for multiple UL in COT
In this section, we discuss channel access procedure for multiple UL transmissions within a gNB’s COT in case there is a timing gap between multiple UL transmissions.

[image: image4.emf]UL#2 UL#1

UL 

grant

Gap

DL

UL 

grant

Channel Occupancy Time (COT)


Figure 4. Example of scheduled multiple UL transmissions in a COT
Figure 4 illustrates an example of the multiple UL transmissions where UL#1 and UL#2 are scheduled by the separate UL grants in a COT. UL#2 may be scheduled with no-LBT option (if supported) if the gap between UL#1 and UL#2 is less than 16us. However, if some UEs miss the UL grant for UL#1, UL#1 is not transmitted. In this case, it should not be allowed for UL#2 to be transmitted with no-LBT option since the gap between the DL and UL#2 exceeds 16us. It is noted that according to [2], the responding device may have multiple transmissions on operating channel provided that the gap in between such transmissions does not exceed 16us in the COT. To figure out this problem, we may need further discussion on how to signal LBT type for multiple UL transmission in a COT.
Proposal #6: Study how to signal LBT type for multiple UL transmissions within a gNB’s COT.
3. Conclusion
In this contribution, we provided further details of the study areas on channel access procedure for NR unlicensed operation, and proposals are as follows.
Proposal #1: For CWS adjustment considering CBG-based (re)transmission,

· For DL, HARQ-ACK values corresponding to N CBGs which are scheduled/transmitted to the most advanced time domain resource within reference DL resource are used.

· FFS for the value of N and reference DL resource

· FFS for the case when TB-based PDSCH and CBG-based PDSCH are mixed in reference DL resource

· For UL, NDI and/or CBGTI values corresponding to M CBGs which are scheduled/transmitted to the most advanced time domain resource within reference UL resource are used.

· FFS for the value of M and reference UL resource

Proposal #2: If a UE receives UL grant at slot n, the reference slot for UL CWS update is the first slot within the latest UL burst starting before slot n-X where X can be configurable.
Proposal #3: For CWS adjustment with wideband (>20 MHz) operation including BWPs, consider at least following cases.

· Case 1: Scheduled resource for PDSCH/PUSCH in frequency domain is overlapped with multiple units of 20MHz.

· Case 2: Active BWP is changed.
Proposal #4: If no-LBT option is supported, it is necessary to support the mechanism for configuring/indicating no-LBT option for UL transmission and the gap less than 16 usec.
Proposal #5: In order to handle PRACH block issue due to TA difference between FDMed PUSCH/PUCCH and PRACH, consider following options:

· Option 1: Adjusting the starting position of PUSCH/PUCCH transmission in RACH slot

· Option 2: Adjusting the duration of CCA slot or TA value for PRACH transmission
  Proposal #6: Study how to signal LBT type for multiple UL transmissions within a gNB’s COT.
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