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1 Introduction
In RAN1#AH1901, the following for wideband operation was agreed:
Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

Agreement:
· Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

This contribution discusses the aspects of wide-band operation for both downlink and uplink NR-U operation.
2 Wideband operation
In Rel-15, a BWP-based operation was introduced for UE power saving. When the amount of data for a UE is low, a BWP with narrow band can be configured for the UE, which would result in UE power saving compared to keep RF band wide. When the amount of data is increased, the BWP can be switched to the other BWP with wide band so that the data for the UE can be served as much as possible. A UE can be configured with the maximum 4 BWPs and one of configured BWPs can be active at a given time. The active BWP can be switched by RRC and/or DCI. Since Rel-15 NR was designed for the single active BWP, a lot of specification impacts (e.g., HARQ operation, TB mapping, etc.) are expected if multiple active BWPs are supported. In the last meeting, therefore, it was concluded that operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL, as follow: 
Then the remaining option for wideband operation is to allow gNB to transmit PDCCH/PDSCH on parts or whole of single active BWP. In the SI phase, whether there is a potential issue with supporting ‘LBT sub-bands’ within a wideband carrier or not was also actively discussed, and an LS was sent to RAN4 asking for their response. If there is no issue identified in RAN4, allowing PDCCH/PDSCH transmission on parts of BWP would be more desirable for NR-U to utilize unlicensed spectrum more efficiently and flexibly, compared to the option where gNB can transmit PDCCH/PDSCH on a BWP only if CCA is successful for the whole BWP.
Proposal 1: For DL wideband operation, a gNB can transmit PDCCH/PDSCH on parts of single active BWP where CCA is successful at the gNB if no issues on RF development are identified from RAN4.
For the above option, RAN4 has provided their view on the challenges to define requirements as follow: 
‘RAN4 understands that there are potential challenges to define such requirements for some of the transmission options as shown in the LS (more than 20MHz transmission bandwidth when LBT fails in any “internal” LBT sub-band in the transmission bandwidth). However, for transmissions spanning multiple contiguous LBT sub-bands, requirements can be specified. RAN4 will study all these further in future meetings.’
According to RAN4’s response, it could be considered that transmissions spanning multiple contiguous LBT sub-bands can be a starting point for designing NR-U wideband operation in RAN1. Transmission to multiple non-contiguous LBT sub-bands can be discussed after RAN4 study.
Proposal 2: Transmission spanning multiple contiguous LBT sub-bands can be a starting point for designing NR-U wideband operation.
For UL operation, same candidate options can be applicable. However, considering more limited processing capability of UE, it is difficult to support wideband operation with full flexibility in UL. Furthermore, additional mechanism may be required to indicate actually transmitted sub-bands to gNB, which requires additional specification impacts as well as signalling overhead. Therefore, for UL wideband operation, it is preferred that multiple BWPs can be configured, single BWP activated, UE may transmit PUSCH on a single BWP if CCA is successful for all BWPs where PUSCH is scheduled than other options.
Proposal 3: For UL wideband operation, it is preferred that UE can transmit PUSCH on a single BWP if CCA is successful for all BWPs where PUSCH is scheduled.
2.1 Sub-band occupancy indication
In SI phase, it was agreed that 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. Therefore, for a carrier with bandwidth larger than 20MHz, a gNB can perform CCA per 20MHz sub-band. According to the CCA result, the gNB may transmit PDSCH(s) on parts or whole of sub-bands where CCA is successful. For a UE perspective, it is desirable if the UE knows the sub-band(s) occupied by the serving gNB to adapt PDCCH monitoring, PDSCH reception, CSI measurement, and so on. There are two ways for UE to identify the gNB’s sub-band occupancy.
1) Blind detection of DMRS in PDCCH or GC-PDCCH per sub-band
2) Explicit indication of sub-band occupancy information in PDCCH or GC-PDCCH
In the last meeting, it was agreed that the UE may assume the presence of a signal, such as the DMRS in any PDCCH or GC-PDCCH transmission, to detect transmission bursts by the serving gNB. Similarly, the UE can assume the presence of DMRS in PDCCH or GC-PDCCH to detect sub-band occupancy by the serving gNB. However, if it is supported that UE adjusts PDCCH monitoring (e.g., the number of BDs) according to the gNB’s occupied sub-band(s), there may be mismatch on PDCCH monitoring between gNB and UE if the DMRS detection is failed due to hidden-node at UE side, which should be avoided. Therefore, it is preferred that sub-band occupancy information is explicitly indicated by PDCCH or GC-PDCCH. 
Proposal 4: For wideband NR-U operation, sub-band occupancy information is indicated by PDCCH or GC-PDCCH.
2.2 CORESET configuration for wideband operation
In RAN1#92bis, the following agreement was made for LBT bandwidth.
Agreement:
· 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.

Since the potential usage of unlicensed spectrum by other technologies (e.g., Wi-Fi), it was considered that LBT is performed per 20MHz. As a result, only a subset of the 20MHz subbands in the wide BWP can be used. In other words, according to sub-band based LBT, the gNB’s transmission bandwidth would vary. Therefore, it is desirable that the UE should be able to receive at least a PDCCH based on sub-band LBT result. A simple approach is to have CORESET configuration per LBT sub-band. Since Rel-15 NR allows up to three CORESETs per BWP, the number of CORESETs per BWP may need to be increased for NR-U. For example, a BWP with 80MHz bandwidth, 4 CORESETs should be configured for the BWP. This approach is a straightforward way to deal with the above issue, it would increase the number of the required CORESET, search spaces as well as signaling overhead, significantly. Another approach is to have a single CORESET where each PDCCH candidate is confined per LBT sub-band so that the PDCCH can be transmitted based on the sub-band LBT result. 
Proposal 5: For wideband operation, PDCCH candidate(s) should be confined per LBT sub-band.

3 Conclusion
The proposals and observation made in this contribution are summarized below:
Proposal 1: For DL wideband operation, a gNB can transmit PDCCH/PDSCH on parts of single active BWP where CCA is successful at the gNB if no issues on RF development are identified from RAN4.
Proposal 2: Transmission spanning multiple contiguous LBT sub-bands can be a starting point for designing NR-U wideband operation.
Proposal 3: For UL wideband operation, it is preferred that UE can transmit PUSCH on a single BWP if CCA is successful for all BWPs where PUSCH is scheduled.
Proposal 4: For wideband NR-U operation, sub-band occupancy information is indicated by PDCCH or GC-PDCCH.
Proposal 5: For wideband operation, PDCCH candidate(s) should be confined per LBT sub-band.
