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1 Introduction
In the last meeting [1], the following for wideband operation was agreed:
Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH

Agreement:
· Support a mechanism for a UE to detect gNB is transmitting across
· Multiple carriers 
· Multiple LBT bandwidths in a carrier. 
· The following mechanisms are to be considered:
· Option 1: Explicit indication via PDCCH
· FFS: The type of PDCCH (e.g., group common PDCCH or UE-specific PDCCH)
· FFS: Signaling details of the indication
· Option 2: Explicit indication via selection of a PDCCH DM-RS sequence from a set of PDCCH DM-RS sequences
· FFS: Details of the indication
· Option 3: Via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection
· FFS: Which signals/channels or combination of signals/channels could be used by the UE
· Note: Above options are not mutually exclusive

This contribution discusses the aspects of wideband operation for both downlink and uplink NR-U operation.
2 Wideband operation
[bookmark: _GoBack]In the last meeting [1], two alternatives for UL wideband operation were identified, wherein at least the Alt. 1 was agreed to support and feasibility of Alt. 2 is being discussed in RAN4. However, considering more limited processing capability of UE, it would be difficult to support wideband operation with full flexibility in UL (Alt. 2). Furthermore, additional mechanism may be required to indicate actually transmitted LBT bandwidths to gNB, which requires additional specification impacts as well as signaling 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 LBT bandwidths where PUSCH is scheduled.
Proposal 1: For UL wideband operation, it is preferred that UE can transmit PUSCH on a single BWP if CCA is successful for all LBT bandwidths where PUSCH is scheduled.
For DL operation, RAN4 has provided their view on the DL wideband operation, wherein gNB is feasible to transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB at least if PRBs within the guard-band of two contiguous LBT bandwidths are not scheduled by gNB. Hence, depending on the aspects of guard-bands, scheduling mechanism, and RAN4’s feedback, allowing PDCCH/PDSCH transmission on parts or whole of BWP could be considered 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 LBT bandwidths where PDSCH is scheduled.
Proposal 2: For DL wideband operation, a gNB can transmit PDCCH/PDSCH on parts of single active BWP where CCA is successful at the gNB at least if PRBs within the guard-band of two contiguous LBT bandwidths are not scheduled by gNB.
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 LBT bandwidth. According to the CCA result, the gNB may transmit PDSCH(s) on parts or whole of LBT bandwidth(s) where CCA is successful. For a UE perspective, it is desirable if the UE knows the LBT bandwidth(s) occupied by the serving gNB to adapt PDCCH monitoring, PDSCH reception, CSI measurement, and so on. In the last meeting [1], three potential options for UE to detect the gNB’s LBT bandwidth occupancy were identified as follows:
1) Explicit indication via PDCCH
2) Explicit indication via selection of a PDCCH DMRS sequence from a set of PDCCH DMRS sequences
3) Via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection
Using DMRS sequence to identify the gNB’s LBT bandwidth occupancy may results in mismatch on PDCCH monitoring between gNB and UE if the DMRS is not reliably detected due to hidden-node at UE side. This reliability issue would be more critical if UE adjusts PDCCH monitoring (e.g., the number of BDs, search space, etc.) according to the gNB’s occupied LBT bandwidth(s), which should be avoided. Therefore, it is more desirable that LBT bandwidth occupancy information is explicitly indicated by PDCCH. As a type of PDCCH, there are two options, i.e., group common PDCCH or UE-specific PDCCH. Considering the signaling overhead and the fact that LBT bandwidth occupancy is common for a group of UEs, GC-PDCCH is a good way of indicating gNB’s LBT bandwidth occupancy information. In addition, during the SI phase, it was already identified that using GC-PDCCH for the indication of the COT structure is beneficial. Hence, it can be more suitable to indicate gNB’s channel occupancy information in time and frequency domain to UEs by the same GC-PDCCH (i.e., including the LBT bandwidth occupancy related information in GC-PDCCH, in addition to the COT structure).
Proposal 3: For wideband NR-U operation, LBT bandwidth occupancy information is indicated by 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 LBT bandwidth in the wide BWP can be used. In other words, according to LTB outcome per LBT bandwidth, 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 LBT result per LBT bandwidth. There would be two possible options for CORESET configuration as follows:
1) PDCCH candidate configured to be confined within a LBT bandwidth 
2) CORESET configured to be confined within a LBT bandwidth
Option 1 is to have a single CORESET where each PDCCH candidate is confined per LBT bandwidth so that parts of PDCCH candidates can be used for PDCCH transmission based on the LBT result per LBT bandwidth. Hence, this option may require to modify the CCE/REG mapping and search space hashing operation considering each LBT bandwidth, which results in additional specification impacts. In addition, the main motivation of Option 1 is the insufficient number of CORESETs per BWP since Rel-15 NR allows up to three CORESETs per BWP. However, in the last meeting [1], there was an agreement to increase maximum number of CORESETs up to [X]. If there is an enough number of CORESETs per BWP to confine each CORESET within LBT bandwidth, it is more desirable to use Option 2 since it is straightforward way to deal with CORESET configuration in wideband operation.
Proposal 4: For wideband operation, CORESET configuration should be confined per LBT bandwidth.
3 Conclusion
The proposals and observation made in this contribution are summarized below:
Proposal 1: For UL wideband operation, it is preferred that UE can transmit PUSCH on a single BWP if CCA is successful for all LBT bandwidths where PUSCH is scheduled.
Proposal 2: For DL wideband operation, a gNB can transmit PDCCH/PDSCH on parts of single active BWP where CCA is successful at the gNB at least if PRBs within the guard-band of two contiguous LBT bandwidths are not scheduled by gNB.
Proposal 3: For wideband NR-U operation, LBT bandwidth occupancy information is indicated by GC-PDCCH.
Proposal 4: For wideband operation, CORESET configuration should be confined per LBT bandwidth.
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