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1 Introduction
A work item on NR-based access to unlicensed spectrum was agreed in RAN #82 meeting [1]. Design for wide-band operation is one of objectives of the work item. NR-U should specify the followings for wideband operation:
-	Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
This contribution discusses the aspects of wide-band operation for both downlink and uplink NR-U operation
2 Wideband operation
In RAN1 #94bis, the following agreement was made for downlink NR-U wideband operation.
Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

In RAN1#95, options for uplink wideband operation were also clarified and captured in the TR as follow:
For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
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 (i.e., Option 1a/1b) are supported. Furthermore, comparing with Option 1a/1b, Option 3 can achieve same or even better flexibility on the resource utilization of a wideband, and may not need extra UE complexity on monitoring multiple active BWPs. Hence, there is no essential need to introduce multiple active BWPs for NR-U. 
At same time, whether there is a potential issue with supporting “LBT sub-bands” within a wideband carrier or not was also actively discussed in the SI phase, and an LS was sent to RAN4 asking for response. If no issue is identified in RAN4, Option 3 shall be supported by seeing its benefit on the better flexibility of channel utilization, comparing to Option 2. It is noted that Option 3 with limitation (e.g., allow for contiguous sub-bands) can also be considered.
Proposal 1: For DL wideband operation, Option 3 shall be supported if no issues on RF development are identified from RAN4.
For UL operation, same candidate options can be applicable. However, considering more limited processing capability of UE, it is not beneficial to support wideband operation with full flexibility in UL. Furthermore, additional mechanism may be required to indicate of actually transmitted sub-bands to gNB, which requires additional specification impacts. Hence, Option 2 is preferred than Option 3 for UL wideband operation.
Proposal 2: For UL wideband operation, Option 2 is supported.
2.1 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 3: For wideband operation, PDCCH candidate(s) should be confined per LBT sub-band.
2.2 Interlace design for wideband operation
In NR-U, the carrier bandwidth can be larger than 20MHz and is an integer multiple of 20MHz. The following two candidate interlace designs have been identified in SI phase, 
-	Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).
Alt-1 seems independent of sub-band LBT design, wherein a common PRB-based interlace is defined with reference point A. Alt 2 is based on sub-band unit to allocate each interlace. Actually, sub-band LBT design may impact both alternatives. For example, for Alt-1, some of PRBs of common PRB-based interlace may cross the sub-band if sub-band LBT is performed exactly on 20MHz, or fall into the guard band of sub-band (if RAN4 deems necessary to reserve some RBs for protection), and thus such PRB needs to be blanked. Therefore, it would be reasonable to further discuss the interlace design after some details of sub-band LBT is determined.  
Proposal 4: Further discuss interlace design for carriers with bandwidth larger than 20MHz after the conclusion of sub-band LBT.
3 Conclusion
The proposals and observation made in this contribution are summarized below:
Proposal 1: For DL wideband operation, Option 3 shall be supported if no issues on RF development are identified from RAN4.
Proposal 2: For UL wideband operation, Option 2 is supported.
Proposal 3: For wideband operation, PDCCH candidate(s) should be confined per LBT sub-band.
Proposal 4: Further discuss interlace design for carriers with bandwidth larger than 20MHz after the conclusion of sub-band LBT.
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