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Introduction
A study item on the feasibility of using NR in unlicensed band is in progress in RAN1 [1]. In RAN1#93, the following agreements were reached regarding channel access [2]:
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:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 

No progress was made in RAN1#94 or RAN1#94BIS regarding channel access. In RAN1#94BIS, the following agreement was made regarding wideband transmissions [3]:
Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied


In this contribution - which is an update of [4] - we discuss channel access considerations for UL transmissions, including data, control, RS, and wideband UL.

NR-U UL Channel Access

PUSCH
The use of Cat. 4 LBT for NR-U PUSCH transmissions (SUL and AUL) outside of a shared COT has a well-understood precedent in FeLAA. Also similar to eLAA, the usage of one-shot UL LBT within a shared COT when the gap between the last transmission from the Initiating Device (gNB) that issued the grant and the start of the UL transmission exceeds 16 µs is also permitted by regulation (EN 301 893). If a NR-U UE is provided with a grant for a slots within the shared COT after each DL-to-UL switch, a one-shot LBT attempt can therefore be permitted before the start of the slot with this gap restriction. 
In addition, the usage of no-LBT within a shared COT is now feasible by limiting the gap between NR-U DL and UL to 16 µs. The no-LBT option is permissible only for PUSCH in an UL slot that follows within 16 µs of the end of the preceding DL transmission. However, the corresponding UL grant need not have been transmitted in the DL slot at the end of the said preceding DL transmission. For example, if the DL burst spans slots 0 and 1, an UL transmission that was scheduled in slot 0 can use no-LBT at the start of slot 2 within the COT, provided the DL-UL gap restriction is observed. The same principle is applicable to non-slot-based transmissions. Furthermore, in EN 301 893, in our understanding there is no limitation on the duration of an UL transmission that is permitted to use the no-LBT option, provided the 16 µs gap restriction is met.
Proposal 1: No-LBT can be used for PUSCH transmissions commencing within 16 µs of the end of the preceding DL transmission, regardless of which DL slot in the same COT transmitted the UL grant.
Observation 1: In EN 301 893, there is no limitation on the duration of an UL transmission that is permitted to use the no-LBT option, provided the 16 µs gap restriction is met.

PUCCH with UCI

The same LBT options that are available for PUSCH should be made available for PUCCH carrying UCI (regardless of payload content or payload size), provided the various gap requirements are satisfied. This would facilitate the multiplexing of PUSCH and PUCCH of different UEs in the same UL slot. The no-LBT option is especially important for fast feedback of DL HARQ ACK/NACK within the same COT. 
Proposal 2:  The same LBT options that are available for PUSCH are made available for short and long PUCCH (regardless of payload content or size), provided the various gap requirements are satisfied.

PRACH

In the case of contention-based RA, such as during initial access, the UE may not be time-aligned with the serving cell. Therefore, it is unlikely that a DL-UL gap of 16 µs or less can always be guaranteed, which rules out the no-LBT option for msg1. This leaves Cat. 4 LBT and one-shot LBT as the remaining choices. Cat. 4 LBT can be used in principle for transmission at any time, for e.g., with priority class 1. However, further prioritization of msg1 transmissions is beneficial, especially for the initial access procedure. 
One-shot LBT should be permitted within a shared COT, based on the discussion for PUCCH and PUSCH. However, this implies that the UE is aware of the COT structure before transmitting msg1. If this requirement is too restrictive for the initial access process, then the next question is if one-shot LBT can be used for msg1 both within and outside a shared COT. One important factor to consider is, how frequently a given UE can transmit msg1 during initial access. 
In Rel-15, PRACH opportunities can be as frequent as every subframe of every radio frame in FR1, depending upon the PRACH configuration chosen by the cell. Even with such an aggressive resource configuration, which is impractical for an unlicensed channel, a given UE will first transmit msg1 and then wait for msg2 during the RAR reception window before retransmitting msg1. It has already been agreed that a maximum RAR window size in excess of 10 ms is beneficial for NR-U. Therefore, over a span of 50 ms, if the RAR window size is set to, for e.g., 15 ms, a UE will transmit msg1 at most three times, even if PRACH resources are available every subframe as an extreme case. For NR-U small cells, preamble format A or B are a suitable choice for the expected cell size. The duration of each msg1 preamble will then range between 0.1428 ms (Format A1, 15 kHz SCS) and 0.8567 ms (Format B4, 15 kHz SCS). Three msg1 transmissions would then span a total duration between 0.43 ms and 2.6 ms for 15 kHz SCS, and between 0.22 ms and 1.3 ms for 30 kHz SCS. Note that the requirement for no-LBT short control signaling transmissions in EN 301 893 is 50 or fewer such transmissions with a total duration of no more than 2.5 ms over an observation window of 50 ms. This condition can be met for msg1 with either a dense PRACH resource configuration and long RAR window, or sparse PRACH resource configuration and short RAR window.

Proposal 3a: One-shot LBT is permitted for msg1 transmission, at least within a shared COT.
Proposal 3b: One-shot LBT is permitted for msg1 transmission when the UE has not acquired COT information, if the per-UE msg1 total transmission durations over a window of 50 ms are no more frequent than the EN 308 893 short control signaling transmissions limit, i.e., 2.5 ms.

SR
Fast transmissions of SR using PUCCH format 0 or PUCCH format 1 are critical for HARQ processes allocated to scheduled UL mode. Within a shared COT, both no-LBT and one-shot LBT options should be enabled for SR, depending upon the gap criterion. It is possible that some SR opportunities fall outside the COT, in which case Cat-4 LBT should be used for such SRs.
Proposal 4: No-LBT and one-shot LBT are permitted for SR transmission within a shared COT. Cat-4 LBT is used for SRs outside of a gNB-acquired COT.

SRS

Periodic SRS transmissions are not supported in eLAA, while aperiodic SRS transmissions can be either accompanied by PUSCH or not. Aperiodic SRS without PUSCH uses Cat. 4 LBT of priority class 1, while SRS with PUSCH adopts the PUSCH channel access scheme. The same principles can be adopted for NR-U.
Proposal 5: Reuse eLAA principles for aperiodic SRS channel access.

Wideband transmissions

Multiple candidate solutions have been listed in Sec 1 for DL wideband operation on BWPs wider than 20 MHz. The same set of options are also applicable for UL transmissions. In our companion contribution [5], we describe the motivation behind supporting Option 1b, i.e., multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP, for the case of configured grant operation. With regard to channel access, since CCA is declared to be successful or not in multiples of 20 MHz, it is proposed that the channel access rules per wideband UL BWP be aligned with the 20 MHz UL case. In other words, the chosen LBT procedure (no-LBT/one-shot/Cat-4 LBT) should be applied consistently across each 20 MHz sub-multiple of the UL BWP. For example, if the UE determines that one-shot LBT is to be applied and there are two non-contiguous 20 MHz chunks that pass LBT, then the UE transmits on these chunks (if permitted).
Proposal 6: For wideband transmissions on UL BWPs wider than 20 MHz, the LBT procedure (no-LBT/one-shot/Cat-4 LBT) should be consistent across each 20 MHz sub-multiple of the UL BWP.
 
Summary
In this contribution we examined UL channel access for NR-U. The following observations and proposals ensued.
Proposal 1: No-LBT can be used for PUSCH transmissions commencing within 16 µs of the end of the preceding DL transmission, regardless of which DL slot in the same COT transmitted the UL grant.
Observation 1: In EN 301 893, there is no limitation on the duration of an UL transmission that is permitted to use the no-LBT option, provided the 16 µs gap restriction is met.
Proposal 2:  The same LBT options that are available for PUSCH are made available for short and long PUCCH (regardless of payload content or size), provided the various gap requirements are satisfied.
Proposal 3a: One-shot LBT is permitted for msg1 transmission, at least within a shared COT.
Proposal 3b: One-shot LBT is permitted for msg1 transmission when the UE has not acquired COT information, if the per-UE msg1 total transmission durations over a window of 50 ms are no more frequent than the EN 308 893 short control signaling transmissions limit, i.e., 2.5 ms.
Proposal 4: No-LBT and one-shot LBT are permitted for SR transmission within a shared COT. Cat-4 LBT is used for SRs outside of a gNB-acquired COT.
Proposal 5: Reuse eLAA principles for aperiodic SRS channel access.
Proposal 6: For wideband transmissions on UL BWPs wider than 20 MHz, the LBT procedure (no-LBT/one-shot/Cat-4 LBT) should be consistent across each 20 MHz sub-multiple of the UL BWP.
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