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1 Introduction
From the RAN1-AH1901 to RAN1 #98bis meeting, there was a discussion on wideband operation in a single carrier with bandwidth larger than 20 MHz and the followings were agreed [1]-[6].
	Agreement at RAN1-AH1901:
· 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 dis-contiguous 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 at RAN1#96bis:
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 at RAN1#97:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
Conclusion at RAN1#97:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.
Conclusion at RAN1#98:
The following are unchanged from Rel-15 for PDCCH.
· The maximum number of monitored PDCCH candidates per slot and per serving cell.
· The maximum number of non-overlapped CCEs per slot and per serving cell.
· CCE-to-REG mapping rule and hashing function.
Agreement at RAN1#98:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen

Agreement at RAN1#98bis:
For a search space set configuration associated with multiple monitoring locations in the frequency domain (as per the previous agreement defining such a search space set associated with a CORESET confined within an LBT bandwidth):
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwidths within the BWP corresponding to the CORESET.
· Within the search space set configuration associated with the CORESET, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET.
· CORESET parameters other than frequency domain resource allocation pattern are identical for each of the one or more monitoring locations in the frequency domain.
· Include this and the prior agreement on this issue in an LS to RAN2
Agreement at RAN1#98bis:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation
Agreement at RAN1#98bis:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.


In this contribution, we further discuss wideband operation with BWP(s) and provide our view.

2 Discussion on wideband operation for NR-unlicensed
CORESET configuration in wideband operation
 For the CORESET configuration used for monitoring PDCCH in wideband operation, it was agreed to confine each CORESET BW within LBT sub-band (i.e. 20MHz) in an active BWP. This can provide more opportunities to transmit PDCCH within a BWP depending on LBT outcome for each LBT sub-band. However, an additional burden for PDCCH monitoring can be increased for a given UE in case that each CORESET is configured per LBT sub-band since it may increase the number of CORESET per BWP for wideband operation (e.g. 80MHz, 160MHz). Considering both the maximum # of CORESETs per BWP in Rel-15 NR and the conclusions on the maximum # of monitored PDCCH candidates, the maximum # of non-overlapped CCEs per slot, and per serving cell unchanged from Rel-15 PDCCH, it might be necessary to further investigate how to avoid increasing of UE’s PDCCH monitoring burden beyond that used in Rel-15 NR when CORESET per LBT sub-band is adopted. To reduce the PDCCH monitoring overhead for a given UE, it can be further considered to introduce the primary and secondary UE-specific LBT sub-band per BWP. Therefore, it might be necessary to further investigate how to avoid increasing of UE’s PDCCH monitoring burden beyond that used in Rel-15 NR when CORESET is configured to be occupied within one LBT sub-band.
· Proposal 1: It is necessary to investigate how to avoid increase PDCCH monitoring, compared with that used in Rel-15 NR, when CORESET per LBT sub-band is adopted or PDCCH candidate is confined within a single LBT sub-band.
A simple solution to avoid increasing PDCCH monitoring as compared with that used in Rel-15 NR is to set up a priority to monitor PDCCH on CORESET which is confined within a single LBT sub-band. That is, in a BWP with multiple LBT sub-bands, the priority is set for CORESET confined in each LBT sub-band for monitoring PDCCH by the UE. The UE performs monitoring PDCCH on CORESET in each LBT sub-band according to the priority in a given situation where the gNB and the UE know the predefined priority each other. The PDCCH in CORESET(s) by the UE can be monitored up to the maximum # of monitored PDCCH candidates per slot and per serving cell defined in Rel-15 NR based on the priority.
· Proposal 2: We propose to set up the priority for CORESET confined in each LBT sub-band for monitoring PDCCH by the UE. 

In-carrier guard-band and LBT bandwidth configuration
From the RAN4#92 meeting, the following agreements were made on guard-bands for NR-U. 
	Agreement:
· Define two different types of guardbands for NR-U: 
· Carrier guardbands (inter-carrier guardbands)
· In-carrier guardbands (intra-carrier guards)
[image: ]
· Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs. 
· These are defined on a common RB grid which reference point is 		   configured by the gNB as specified in section 5.3.4 of 38.101-1. 
· No intra-carrier guards are defined for 20 MHz carriers
· RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands and number of PRBs needed for intra-carrier guards to meet spectral emission mask defined for NR-U. 
· The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed. Introduction of flexible guard-bands at sub-block edge is left FFS. Meaning scheduling of either additional or a reduced number of sub-block edge guard PRBs.


There are two kind of guard-bands such as in-carrier guard-bands (intra-carrier guard-bands) and carrier guard-bands. The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed. From the UE perspectives, PRBs allocated by frequencyDomainResources in the CORESET configuration should be restricted to the available PRBs within LBT sub-band excluding PRBs belonging to in-carrier guard band since a UE cannot know whether or not gNB has passed LBT on scheduled LBT sub-bands when the UE performs monitoring PDCCH on CORESET in each LBT sub-band.
· Proposal 3: PRBs allocated by frequencyDomainResources in the CORESET configuration should be restricted to the available PRBs within LBT sub-band excluding PRBs belonging to in-carrier guard band.
For wideband operation in UL within a carrier with bandwidth larger than 20 MHz, the ambiguity between gNB and UE on whether or not in-carrier guard bands are used on scheduled or configured UL transmission does not occur since, as agreed at the RAN1#98bis,UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission based on LS feedback from RAN4. In other words, if UE is scheduled with the resource allocation for the UL transmission on contiguous LBT sub-band from the gNB, the UE can know that in-carrier guard band could be scheduled. If CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission, UE transmits on the UL resource including scheduled in-carrier guard-bands and gNB can receive UL transmission on UL resource including scheduled in-carrier guard-bands without any ambiguity.
However, for wideband operation in DL within a carrier with bandwidth larger than 20 MHz, from the UE perspectives receiving PDSCH, the UE cannot assume anything whether or not to be transmitted on the in-carrier guard-bands before obtaining an addition information since a UE cannot know whether or not gNB has passed LBT on contiguous LBT sub-band within a BWP or in a carrier. When GC-PDCCH is configured, a UE can know that pre-defined in-carrier guard-band is available for PDSCH because the availability of LBT sub-band for DL ​​reception can be provided through GC-PDCCH for, at least, slot(s) that are not at the beginning of DL transmission burst. However, if the UE does not detect the GC-PDCCH even though the gNB transmitted the GC-PDCCH to the UE, the ambiguity of scheduling the in-carrier guard bands between the UE and the gNB can occur.. Therefore, we propose to indicate the information in scheduling DCI whether or not in-carrier guard bands are used for frequency resource to schedule DL data for the wideband operation in DL.
· Proposal 4: We propose to indicate the information in scheduling DCI whether or not in-carrier guard bands are used for frequency resource to schedule DL data for the wideband operation in DL.

Conclusion
In this contribution, we have discussed on CORESET configuration for wideband operation with BWP(s) and in-carrier guard-band and LBT bandwidth configuration. Our views are summarized as follows. 
· Proposal 1: It is necessary to investigate how to avoid increase PDCCH monitoring, compared with that used in Rel-15 NR, when CORESET per LBT sub-band is adopted or PDCCH candidate is confined within a single LBT sub-band.
· Proposal 2: We propose to set up the priority for CORESET confined in each LBT sub-band for monitoring PDCCH by the UE. 
· Proposal 3: PRBs allocated by frequencyDomainResources in the CORESET configuration should be restricted to the available PRBs within LBT sub-band excluding PRBs belonging to in-carrier guard band.
· Proposal 4: We propose to indicate the information in scheduling DCI whether or not in-carrier guard bands are used for frequency resource to schedule DL data for the wideband operation in DL.
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