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Introduction
In RAN1#92bis, the following agreements have been made related to wideband operation for NR-U.
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  
multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included
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2.1 Carrier aggregation vs. single carrier wideband operation
In licensed band operation, all Release-15 NR UEs support 100 MHz bandwidth for FR1 and 200 MHz for FR2 if UEs support such bands. For unlicensed operation, it is expected that NR-U can also operate in wide bandwidth, e.g. up to hundreds of MHz bandwidth. Basically, there are two approaches for wideband operation: carrier aggregation and single carrier wideband operation, as illustrated in Figure 1.
[image: ]
Figure 1 Carrier aggregation and single wideband carrier
In carrier aggregation, the wideband unlicensed spectrum is partitioned into multiple component carriers (CC), each of which can be 20 MHz for example. Then each CC can be operated independently, e.g., gNB or UE can perform listen-before-talk (LBT) per CC, and DL control and HARQ process is per CC. 
In single wideband carrier operation, on the other hand, one PDCCH can schedule the data over the whole wideband carrier. Because no guard band is needed between CCs anymore in comparison to carrier aggregation case, the spectrum utilization is improved. As mentioned by the agreements in the introduction, LBT can be performed in units of 20 MHz. For example, in DL transmission, before preparing PDCCH/PDSCH, gNB senses the channel. Then the scheduling decision is made considering only the free resources from LBT. However, this may impose tight processing requirement for the gNB. To relax the PDCCH/PDSCH processing timeline, gNB can prepare the PDCCH/PDSCH before knowing the LBT outcome. Then PDCCH is sent over the free LBT units, and part of PDSCH will be dropped (i.e. punctured). 
In general, it is more reasonable to adopt carrier aggregation operation in the area where the interference from other system is very severe, because gNB can easily deactivate a certain CC without impact on other CC. On the other hand, in a less crowed area, single wideband carrier operation can be adopted to improve the spectrum efficiency. 
Proposal 1: Both carrier aggregation and single carrier wideband operations should be supported in NR-U.
Proposal 2: gNB should be allowed to prepare the PDCCH/PDSCH before knowing the LBT outcome even for single wideband carrier operation.


2.2 Control information monitoring for single carrier wideband operation
In single carrier wideband operation, it is beneficial to confine each CORESET within the LBT unit, e.g 20 MHz. With such configuration, as long as one LBT unit is acquired by gNB, gNB can transmit control information to the UE. However, there could be an issue for the PDCCH capacity within one CORESET in case of high subcarrier spacing when one CORESET is limited within the LBT unit. For example, if 120 kHz subcarrier spacing is used, the maximum aggregation level for a 20 MHz CORESET is 4. If higher aggregation level is needed, the CORESET bandwidth or duration has to be expanded.   
Furthermore, from the UE perspective, UE has no idea which LBT unit(s) will be free before receiving any signalling from the gNB. Therefore, UE will be configured in which LBT unit(s) to monitor control information by RRC. If UE only monitors one LBT unit for PDCCH reception, the possibility to schedule UE becomes less. On the other hand, UE can be configured to monitor multiple LBT units. In such case, the number of BDs may be insufficient and UE power consumption may be wasted if only a subset of LBT units monitored by the UE are successfully acquired by the gNB.   
Proposal 3: Method to allow UE to skip some CORESET monitoring based on the LBT outcome should be studied. 

Conclusion
Based on the discussion, we propose following. 
Proposal 1: Both carrier aggregation and single carrier wideband operations should be supported in NR-U.
Proposal 2: gNB should be allowed to prepare the PDCCH/PDSCH before knowing the LBT outcome even for single wideband carrier operation.
Proposal 3: Method to allow UE to skip some CORESET monitoring based on the LBT outcome should be studied. 
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