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Introduction
In RAN1 ad-hoc#201901 [1], several aspects related to channel access for NR-U were discussed.
 
Conclusion:
Cat 2 is not used for initiating a UE transmission outside of a gNB COT for the following channels/signals (or any combination of them):
· PUSCH (with or without UCI), 
· SRS-only, 
· PUCCH-only
Note: 
· Cat 4 for these channels was already agreed during the study item
· 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

RAN#84 also endorsed priorities for the remaining work in the NR-U WI in RP-191581. For channel access the following points are identified as either essential or optimization:
Essential
· 16us cat 2 LBT detailed design
· [bookmark: _Hlk16500867]Signaling support for LBT type/priority indication
· CWS adjustment, including reference slot definition, processing timeline, what if no feedback expected or available, CWS adjustment for wideband operation and CG
· Channel access mechanism details for FBE
· UE to gNB COT sharing
Optimizations
· [bookmark: _Hlk16756201]Max TX duration follow cat 1 LBT
· Max number of Cat 2 LBT attempts in a 5ms DRS transmission window
· Wideband LBT with common measurement
· Directional LBT
· LBT to facilitate spatial reuse
· Receiver assisted LBT

In this contribution, we will further discuss design options and directions we think RAN1 should consider for unlicensed NR within the work item with respect to topics related to channel access procedures. This is a revision of R1-1908765. 

Discussion
Channel access relation to UE to gNB COT sharing
The ETSI BRAN harmonized standard allows the channel access initiating device to grant an authorization to one or more associated responding devices to transmit on the current operating channel [2]. On the other hands, in Rel-15 FeLAA, UE to eNB COT sharing is limited to only supporting autonomous uplink (AUL) operation and has the following restrictions: 
· The DL transmission duration is limited to a partial ending subframe of up to 2 OFDM symbols length within the UE acquired COT, and only DL control information can be included due to the very limited DL transmission duration. 
· The last symbol of the AUL burst has to be dropped with the corresponding AUL transmission duration informed to eNB by AUL-UCI in order to create enough gap for UL to DL switching.
· Only single UL to DL and/or DL to UL switching is supported.
For NR-U operation, thanks to the flexible slot structure, dynamic format indication, and multiple and fast switching between UL and DL, it would be easily facilitated that the UE initiated COT can be shared with gNB for some DL transmissions with not only control information but also data information.
Observation 1: UE to gNB COT sharing in Rel-16 NR-U could be enhanced from AUL in Rel-15 FeLAA.
[bookmark: _Hlk21393357]Similar to the AUL-UCI of FeLAA, UE initiated parameters (i.e., HARQ ID, NDI, RV, COT sharing info. and possibly UE ID) should be included in CG-UCI piggybacked onto PUSCH, to facilitate flexible UL transmission subject to preconfigured resources and transmission periodicity. To further enhance this design in NR-U, an extension of the content of COT sharing information within CG-UCI is required. For example, indicating remaining COT information acquired by UE could help gNB to schedule DL signals/channels. 
Observation 2: UE could signal the transmission duration allowed for use by the gNB via CG-UCI. 
In addition to signaling of remaining COT information, The UE should signal to continue its use of the COT to gNB. The benefit of the indication is that there would be no mismatch in understanding of the use of the COT between the UE and gNB.
Observation 3: It is beneficial for the UE to signal UL transmission duration in order to avoid mismatching between UE and gNB. 
In FeLAA, regardless of LBT priority class of UE acquired COT, the feature of AUL limits the DL transmission duration to up to 2 OFDM symbols within the UE acquired COT since only DL control information can be included. If NR-U could allow DL data transmission using shared COT acquired by UE, it is beneficial for the NR-U UE to signal its priority class once it has acquired the channel, helping PDCCH/PDSCH scheduling. DL channels has to be transmitted with equal or higher priority class compared with corresponding PUSCH transmissions from that UE since it is prohibited by the ESTI regulation to transmit DL channels with lower priority class . In addition, since maximum COT duration is determined by LBT priority class, LBT priority class could indicate implicitly UE-initiated COT duration.
Therefore, in the case of UE-to-gNB COT sharing, UE should indicate UL transmission duration (e.g. PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) to gNB via CG-UCI.
Proposal 1: UL transmission duration (e.g PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) should be signaled to gNB via CG-UCI.

Channel access mechanism for FBE
According to ETSI BRAN [2], a device can operate on the 5 GHz unlicensed band using the Frame Based Equipment (FBE) framework. In the FBE framework, fixed frame period, channel occupancy time, and idle period are defined as shown in Figure 1. The fixed frame period could be configurable within a range of 1 msec to 10 msec, and the idle period shall be at least 5% of the channel occupancy time and a minimum of 100 usec. An initiating device has to perform Cat.2 LBT (one-shot CCA) at the time immediately before the boundary of the fixed frame period. Depending on LBT outcome, the initiating device that acquires the channel could then occupy the channel for the channel occupancy time. The initiating device is allowed to transmit signals during the channel occupancy time, while any signal transmission is prohibited during the idle period.
[image: ]
Figure 1: Frame Based Equipment
Two types of channel access mode (LBE and FBE) would be applicable to Rel-16 NR-U. Although gNB can choose channel access mode (LBE or FBE) depending on deployment, it is necessary to inform the UE of the applied channel access mode, because the channel access mechanism for the initiating device is different between LBE and FBE. For example, a difference exists between LBE and FBE when the UE becomes an initiating device for PRACH transmission and configured grant transmission. In the case of transmission of these UL channels, Cat.4 LBT must be applied for LBE as agreed, while Cat.2 LBT must be applied for FBE. In order to meet ETSI requirements, the UE has to be aware of the channel access mode.
In addition to channel access mode, informing the UE of the fixed frame period would be beneficial to the UE. By knowing information on the fixed frame period (e.g. starting point and duration), the UE is aware of LBT timing.
Since LBT category and timing have to be known before PRACH transmission, these FBE parameters should be indicated to the UE through RMSI. Channel access mode (FBE or LBE) could be implicitly indicated whether FBE related parameters such as the fixed frame period is presence or absence.
Proposal 2: Parameters of channel access mode (FBE or LBE) and frame period should be indicated to the UE through RMSI.
· Presence or absence of FBE related parameters could indicate channel access mode.

6 GHz channel access
Flexibility and reconfigurability of channel access parameters
According to the Notice of Proposed Rulemaking (NPRM) issued by FCC [4], it has been proposed that access points (e.g. gNBs) that intend to use U-NII-5 (5,925 – 6,425 MHz) and U-NII-7 (6,525 – 6,875 MHz) bands be required to access to an Automated Frequency Coordination (AFC) system prior to initial radio transmission, where the AFC system is defined as a system that automatically determines and provides lists of which frequencies are available for use by access points operating in the U-NII-5 and U-NII-7 bands, and client devices (e.g. UEs) that operate in the U-NII-5 and U-NII-7 bands are required to be under the control of such access points. These proposed rules would impose a requirement that NR-U channel access parameters must be reconfigurable in order to respond to the spectrum availability information from an AFC system. In other national regulatory authorities, not only similar but also dissimilar regulatory frameworks and rules could also be proposed.
It is expected that NR-U operation in 6 GHz will require compliance to such local regulations [5]. In order to design NR-U with flexibility and reconfigurability to support any regulatory requirements for channel access, we propose that NR-U includes functionality to modify and reconfigure channel access parameters (e.g. energy detection threshold, conducted output power) for an NR-U cell. 
[bookmark: _GoBack]Proposal 3: RAN1 should design channel access parameters used by an NR-U cell to have flexibility and reconfigurability in order to be able to support any regulatory requirements.

Conclusions
In this contribution, based on the above discussion we have the following observations and proposals:
Observation 1: UE to gNB COT sharing in Rel-16 NR-U could be enhanced from AUL in Rel-15 FeLAA.
Observation 2: UE could signal the transmission duration allowed for use by the gNB via CG-UCI. 
Observation 3: It is beneficial for the UE to signal UL transmission duration in order to avoid mismatching between UE and gNB. 
Proposal 1: UL transmission duration (e.g PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) should be signaled to gNB via CG-UCI.
Proposal 2: Parameters of channel access mode (FBE or LBE) and frame period should be indicated to the UE through RMSI.
· Presence or absence of FBE related parameters could indicate channel access mode.
Proposal 3: RAN1 should design channel access parameters used by an NR-U cell to have flexibility and reconfigurability in order to be able to support any regulatory requirements.
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