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Introduction
In RAN1#97 several aspects related to channel access for NR-U were discussed [1].
 
Among other agreements, the following agreements related to LBT modifications and bandwidth indications have been made.

Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis
Agreement:
Multi-carrier channel access schemes that are applicable to multiple carriers with a single LBT sub-band per carrier that is the same as the carrier bandwidth are also applicable to multiple LBT sub-bands within a carrier when such carriers are used either as a single wideband carrier or as part of carrier aggregation of a set of carriers.
Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
 
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.

Discussion
Channel access relation to 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 [4]. In FeLAA, regarding initiating device behavior as a baseline, two-way COT sharing has already been supported, which means that the initiating device (eNB or UE) could share the acquired COT for DL and UL transmission, respectively. However, UE to eNB COT sharing is limited to only supporting 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 and dynamic format indication, the UE initiated COT can be shared with gNB for some DL transmissions which are not restricted to the AUL case only, e.g., initial access. In addition, the aforementioned restrictions for AUL (where AUL is termed “configured grant” in NR-U) could be somewhat eased. Firstly, the DL occasion within the UE acquired COT should be capable of transmitting PDCCH and associated PDSCH to multiple UEs in order to fully utilize unlicensed resources. Then, due to the enhanced capability of UE and gNB in NR, it seems to be unnecessary to drop any last symbols just for creating a gap, and sometimes a device can even skip CCA if the sensing gap <=16µs.  Finally, multiple switching points can bring more benefits not only for eMBB applications but also for latency stringent applications in terms of efficient occupied resource utilization and quick DL feedback within a slot.  
Proposal 1: UE to gNB COT sharing shall take FeLAA AUL COT sharing as a starting point.
As agreed in RAN1 #96 [5] at least the duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE can be signaled by the UE. Further details are still.
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. In FeLAA, however, COT sharing information only utilizes one bit and only indicates whether the UE initiated COT can be shared with eNB for the corresponding DL control transmission. To further enhance this design in catering for more comprehensive use cases in NR-U, an extension of the content of COT sharing information within CG-UCI is very much required. To be more specific, a bitmap approach can promote more detailed indication of the shared COT, e.g., remaining COT information which could help gNB to tailor the DL data packet size accordingly. Based on the agreement achieved in RAN1#95, the initiating UE is responsible for the transmission duration indication, during which gNB is allowed to transmit in the shared COT. Regarding how to indicate the usable duration for gNB, in our understanding, a possible solution is information of the duration (symbol/mini-slot/slot) is included in CG-UCI. The duration in terms of a number of symbols/mini-slots/slots could be indicated to gNB in the shared COT. The gNB chooses a transmit time that takes the transmission switch gap into consideration. 
Observation 1: UE could signal the transmission duration which is allowed to be used by gNB via CG-UCI. 
Another critical issue that matters to the COT sharing procedure of NR-U configured grant is whether the UE needs to signal the continued use of the COT for its own transmissions. In our understanding, the UE should indeed signal its intention to continue its use of the COT to gNB in terms of the number of switching points indicator which is included in the CG-UCI content, in case the UE had initially prepared for the transmission of different TBs at both ends of its initiating COT or to allow DL acknowledgement feedback at the second UL opportunity. 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 2: It is beneficial for the UE to signal the continued use of the COT for its own transmission through the signaling of a switch point indication. 
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, and only DL control information can be included due to the very limited DL transmission duration. This somewhat decreases the flexibility of the DL transmission type usage based on the actual service. As such, it is beneficial for the NR-U UE to signal its priority class once it has acquired the channel, helping the gNB to more easily make appropriate decisions about the PDCCH/PDSCH transmission to the UE, such that those DL channels are transmitted with equal or higher priority class compared with corresponding PUSCH transmissions from that UE. The intention of transmitting with equal or higher priority class control/data by the gNB is to meet the regulations. 
Duration which is allowed to be used by gNB and possible UL continued COT occupancy signaled by the UE will indicate to the gNB the maximum duration of DL transmission within the shared COT and how the initiating UE will utilize the COT. As for facilitating the gNB to take advantage of the shared COT, the LBT priority class information of the UE might help to determine the actual DL transmission duration and type. 
Proposal 2: Duration which is allowed to be used by gNB, possible UL continued COT occupancy, and LBT priority class should be signaled to gNB via CG-UCI.     

Channel access relation to wideband operations
We consider that an allocated carrier/channel may be relatively wide and in an unlicensed system it could be beneficial to study necessary NR enhancements for LBT operation on a wide BWP. Such enhancements could include considering new measurements and reporting to support system awareness of the current channel properties of the configured BWPs. 
Multiple methods are possible for such enhancements, e.g. in the case of uplink operation the network may control which 20MHz units to primarily use for each transmission, or to configure that transmitting devices always perform LBT over all 20MHz units in the BWP. Also, the case could occur where no 20MHz sub-band is available in one BWP, and another carrier/BWP may be used instead. Hence, there is a benefit to define a priority order for LBT among the multiple configured 20MHz units, e.g. to define a primary sub-band for the CCA. We propose that these aspects are studied, to analyze pros and cons for different sub-band prioritization strategies.
Proposal 3: In order to improve channel access performance NR-U should support network-controlled prioritization of the carrier and configured sub-bands for uplink transmissions in a wideband carrier.

6 GHz channel access

Flexibility and reconfigurability of channel access parameters
According to the Notice of Proposed Rulemaking (NPRM) issued by FCC [2], 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 NR-U channel access parameters to be reconfigurable in order to respond to the spectrum availability information from an AFC system. Not only similar but also dissimilar regulatory frameworks and the rules could also be proposed in other national regulatory authorities.
It is expected that NR-U operation in 6 GHz will require compliance to such local regulations [3]. In order to design NR-U with flexibility and reconfigurability to support any regulatory requirements for channel access we propose that NR-U include functionality to modify and reconfigure channel access parameters (e.g. energy detection threshold, conducted output power) for an NR-U cell. This should be accommodated with gNB signaling control possibilities to UEs.
Proposal 4: 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 could signal the transmission duration which is allowed to be used by gNB via CG-UCI. 
[bookmark: _GoBack]Observation 2: It is beneficial for the UE to signal the continued use of the COT for its own transmission through the signaling of a switch point indication.  
Proposal 1: UE to gNB COT sharing shall take FeLAA AUL COT sharing as a starting point.
Proposal 2: Duration which is allowed to be used by gNB, possible UL continued COT occupancy, and LBT priority class should be signaled to gNB via CG-UCI.  
Proposal 3: In order to improve channel access performance NR-U should support network-controlled prioritization of the carrier and configured sub-bands for uplink transmissions in a wideband carrier.
Proposal 4: 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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