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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
 
[bookmark: _Ref462918989]In this contribution, we discuss NR-U wideband operation.  
[bookmark: _Ref178064866]Discussion
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.
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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. The other merit would be the alignment with wideband usage of WiFi and simplified receiver/transmitter by possible single FFT operation. 
In general, in the area where the interference from other system is very severe, it is more reasonable to adopt carrier aggregation operation, 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. 
In single wideband carrier operation, wideband LBT can be performed. For example, gNB performs energy detection over the whole wideband carrier, e.g. 80MHz, before downlink transmission. If the detected energy is below a threshold, gNB will then regard the wideband carrier as free and initiate the transmission, otherwise gNB regards the media as occupied. This wideband LBT operation is relatively simple and straightforward. However, if the competing systems can operate in 20MHz bandwidth, then it can result in wideband LBT failure even if the interference is concentrated only on certain 20MHz units. Alternatively, sub-band LBT, e.g. over each 20MHz, can be performed. The LBT overhead increases compared to one single wideband LBT, but it is comparable as the carrier aggregation case. With sub-band LBT, gNB can still proceed to use the channel even if only part of the wideband carrier is free. 
Proposal 1: Both carrier aggregation and single carrier wideband operations are supported in NR-U.
Proposal 2: For single carrier wideband operation, both wideband LBT and sub-band LBT are supported.

2.2 Data scheduling for single carrier wideband operation
For DL transmission, with sub-band LBT, it might be possible for gNB to prepare PDCCH/PDSCH after knowing the result of LBT. Then the scheduling decision can take into account 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 or rate matched). In such case, the decoding performance would be negatively impact. To reduce the impact, when preparing the PDSCH, 20MHz bandwidth is the basic unit for data mapping. For example, the mapping of the coded bits to physical REs is confined within 20MHz unit in the frequency-first-then-time manner, and then if more REs needed, mapped to another 20MHz unit. With such method, if a certain 20MHz are blocked by competing system, only limited CBGs will be influenced. 
The 20MHz data mapping rule is also advantageous for UL transmission. As discussed in RAN1#93, in a shared gNB COT, if the DL to UL switching gap is above 16us, LBT needs to be performed by the UE side. In such case, even if gNB acquired the wideband carrier, it could happen that UE can only transmit over the partial granted UL resources, i.e. certain 20MHz has to be dropped due to LBT failure by the UE. The 20MHz mapping rule can also help minimize the impact of such dropping.   
Proposal 3: gNB should be allowed to prepare the PDCCH/PDSCH before knowing the LBT outcome for single wideband carrier operation.
Proposal 4: For PDSCH/PUSCH-to-RE mapping in single carrier wideband operation, the mapping of the coded bits to physical REs is confined within 20MHz unit in the frequency-first-then-time manner.

2.3 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 as gNB configuration option. 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 blind decoding (BD) budget for single carrier case may be insufficient. Instead, the BD budget similar to NR Rel-15 carrier aggregation can be applied (i.e. number of BD increases proportionally as the number of LBT units monitored if the number of LBT units is below some threshold). However, the increase of BD effort may result in wasting UE power if only a subset of LBT units monitored by the UE are successfully acquired by the gNB. Therefore, dynamic signalling to allow UE to skip some CORESET monitoring based on the LBT outcome should be further studied. 
In Rel-15 NR, group-common PDCCH for SFI has been well defined. If the UE is indicated by SFI-PDCCH that a certain symbols as UL or Flexible, UE can skip the reception of PDCCH over those symbols. Therefore, it makes sense to reuse such design as the starting point for NR-U studies. Naturally, the NR-U specific aspects, such as the skip of PDCCH monitoring occurs per LBT unit instead of whole wideband carrier, should be taken into consideration.     
Proposal 5: UE is signalled dynamically to skip some CORESET monitoring based on the LBT outcome, where SFI-PDCCH can be the baseline design for such signalling.  

Conclusion
Based on the discussion, we propose following. 
[bookmark: _GoBack]Proposal 1: Both carrier aggregation and single carrier wideband operations are supported in NR-U.
Proposal 2: For single carrier wideband operation, both wideband LBT and sub-band LBT are supported.
Proposal 3: gNB should be allowed to prepare the PDCCH/PDSCH before knowing the LBT outcome for single wideband carrier operation.
Proposal 4: For PDSCH/PUSCH-to-RE mapping in single carrier wideband operation, the mapping of the coded bits to physical REs is confined within 20MHz unit in the frequency-first-then-time manner.
Proposal 5: UE is signalled dynamically to skip some CORESET monitoring based on the LBT outcome, where SFI-PDCCH can be the baseline design for such signalling.  
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