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1. Introduction
In this contribution, we provide our views on the following remaining details on wideband operation:
· Indication of channel occupancy structure in frequency domain
· UE behaviour for a LBT BW indicated as available/unavailable for DL reception
· Multiple CORESET monitoring locations in the frequency domain

2. Discussion
2.1  Indication of channel occupancy structure in frequency domain
In RAN1#97 [1], it was agreed that 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. In RAN1#98 [2], RAN1 further agreed to add a bitmap to indicate available/not available LBT bandwidths in DCI format 2_0. Current NR provides SFI-index per serving cell in DCI format 2_0. Similarly, a bitmap for indicating frequency domain availability can be provided for a serving cell, with length equal to the number of configured LBT bandwidths in the serving cell. Each bit in the bitmap represents whether the corresponding LBT bandwidths in the corresponding carrier is available or not available for DL reception. If one bit is indicated for the serving cell, the bit represents whether the corresponding carrier is available for DL reception.    

Proposal 1: For a serving cell, a bitmap for indicating frequency domain availability can configured in DCI format 2_0: 
· The length of the bitmap is equal to the number of configured LBT bandwidths in the serving cell.
· The position of the bitmap in DCI and corresponding serving cell ID are provided by RRC.
· A value of ‘0’ in the bitmap indicates that corresponding LBT bandwidth is not available for DL reception and a value of ‘1’ in the bitmap indicates that corresponding LBT bandwidth is available for DL reception.

There are three remaining issues for frequency domain availability indication, and we provide our views on these issues as follows:
1. Time domain validity of frequency domain availability indication: If UE receives a frequency domain availability indication for a serving cell in a DCI format 2_0, this frequency domain availability indication is valid during a channel occupancy time for the serving cell indicated by the same DCI format 2_0. Within a valid time period of a frequency domain availability indication for a serving cell, gNB could update frequency domain availability for the serving cell and/or corresponding valid time period. If UE receives a new frequency domain availability indication for the serving cell in a DCI format 2_0 at a later time, the previous frequency domain availability indication would be overwritten and the valid time period of the new frequency domain availability indication is updated according to the channel occupancy time indicated by the newly received DCI format 2_0.
2. No valid frequency domain availability indication is ongoing or GC-PDCCH is not configured: When there is no ongoing frequency domain availability indication or GC-PDCCH is not configured for a serving cell, UE should assume that all the LBT bandwidths of the serving cell are available for DL reception.
3. Indication of frequency domain availability at the beginning of DL transmission burst: At the beginning of a DL transmission burst, gNB may not prepare a DCI format 2_0 including an actual frequency domain availability immediately after LBT. There are two possible ways for gNB to provide frequency domain availability at the beginning of DL transmission burst. First, gNB can indicate that all LBT bandwidths are available by indicating an all “1”s bitmap. Then, UE will remain to assume that all the LBT bandwidths are available for DL reception until receiving a DCI format 2_0 including the actual frequency domain availability at a later time. Second, gNB can transmit a reserved state in the bitmap, e.g., all “0”s, to indicate that the current received bitmap is not valid. Then, UE assumes that only the LBT bandwidth(s) with detected DCI format 2_0 or any DCI format is available for DL reception.

Proposal 2: If UE receives a frequency domain availability indication for a serving cell in a DCI format 2_0, this frequency domain availability indication is valid until: 
· The end of COT for the serving cell indicated by the same DCI format 2_0
· Receiving a new frequency domain availability indication for the serving cell in a later DCI format 2_0
Proposal 3: If no valid frequency domain availability indication is ongoing or GC-PDCCH is not configured for a serving cell, UE should assume that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 4: At the beginning of DL transmission burst of a serving cell, gNB could indicate UE that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 5: When UE detects a DCI format 2_0 indicating a reserved state (e.g., all “0”s) in the bitmap for frequency domain availability indication, UE assumes that only the LBT bandwidth(s) with detected DCI format 2_0 or any DCI format is available for DL reception.

2.2  UE behavior for a LBT BW indicated as available/unavailable for DL reception
[bookmark: _Hlk23866263]In RAN1#98 [2] and RAN1#98bis [3], RAN1 agreed that a search space set configuration associated with a CORESET confined within a LBT bandwidth can have one or more monitoring locations in the frequency domain, 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. Meanwhile, in RAN1#98 [2], a conclusion was made that the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot and per serving cell are unchanged from Rel-15. Then, an open issue is how to avoid exceeding the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot and per serving cell in wideband operation. In our view, the frequency domain availability indication can be used. In one alternative, if a LBT bandwidth is indicated as unavailable for DL reception by the frequency domain availability indication included in DCI format 2_0, the frequency-domain monitoring locations corresponding to the LBT bandwidth for one or more associated CORESETs are disabled, which means UE doesn't have to perform PDCCH monitoring for those CORESETs if they have frequency-domain monitoring locations in the LBT bandwidth. Otherwise, UE has to perform PDCCH monitoring for the CORESETs if they have frequency-domain monitoring locations in the LBT bandwidth. Then, gNB can disable a subsets of monitored PDCCH candidates and non-overlapped CCEs depending on LBT outcomes and scheduling strategy to avoid the overbooking issue.
Proposal 6: For a search space set configuration associated with a CORESET that is confined within a LBT bandwidth and has one or more frequency-domain monitoring locations corresponding to one or more LBT bandwidths:
· [bookmark: _GoBack]If one of the LBT bandwidths is indicated as unavailable by a frequency domain availability indication in DCI format 2_0, the frequency-domain monitoring location corresponding to the unavailable LBT bandwidth is disabled.

2.3  Multiple CORESET monitoring locations in the frequency domain
In RAN1#98 [2] and RAN1#98bis [3] meetings, the following agreement were made for NR-U PDCCH:
Agreement (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 (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


In NR Rel-15, frequency domain resources of a CORESET are provided by frequencyDomainResources in the CORESET configuration. The parameter frequencyDomainResources is a bit string, and each bit corresponds a group of 6 RBs, with grouping starting from the first RB group in a BWP. According to the above agreements, a search space set (SSS) configuration can provide one or more frequency-domain monitoring locations for the associated CORESET, and each of the one or more frequency-domain monitoring locations corresponds to one LBT bandwidth and has a frequency-domain pattern that is replicated from frequencyDomainResources configured for the associated CORESET, as the examples shown in Figure 1.



Figure 1. Example of providing flexibility on CORESET monitoring locations in frequency domain
To achieve the configurations described above, a new parameter (e.g., freqMonitorLocations) can be added in an SSS configuration to indicate one or more values, and each value corresponds to a frequency domain monitoring location of the associated CORESET. In one example, each value indicated by the new parameter represents an RB offset. According to the RB offset, UE can determine a replicated frequency-domain resource allocation pattern of the associated CORESET by shifting the frequency-domain resource allocation pattern configured by frequencyDomainResources, as the example shown in Figure 2.  


Figure 2. Example of providing multiple CORESET monitoring locations in frequency domain

Proposal 7: Introduce a new parameter (e.g., freqMonitorLocations) in a search space set configuration to indicate one or more values. 
· Each value corresponds to a frequency domain monitoring location for the CORESET associated with the search space set configuration.
· Each value represents an RB offset, and a replicated frequency-domain resource allocation pattern of the associated CORESET is determined by shifting the frequency-domain resource allocation pattern configured by frequencyDomainResources according to the RB offset.


In previous meeting, several companies pointed out the inefficiency of Rel-15 CORESET configuration in NR-U operation. Since current 6 RB grid bitmap for frequencyDomainResources in the CORESET configuration is aligned with common PRB index 0, 8 CCEs per LBT bandwidth (i.e., 48 PRBs in case of 30 kHz SCS and 20 MHz LBT bandwidth) may not be fully utilized for a CORESET in some cases. In order to resolve this issue, some companies suggested to introduce a new RRC parameter in a CORESET configuration to e.g., indicate the starting PRB index of a group of 6 PRBs in each LBT bandwidth. However, we don't see the need to have such parameter since we can reuse the search space set configuration having one or more monitoring locations in the frequency domain to resolve this issue. For example, each RB offset indicated by the new parameter (e.g., freqMonitorLocations) in a search space set configuration can align a frequency-domain resource allocation pattern with the starting PRB index of one LBT bandwidth.
	
Proposal 8: The new parameter (e.g., freqMonitorLocations) for providing one or more monitoring locations in frequency domain in a search space set configuration can be used to align one or more frequency-domain resource allocation patterns with the starting PRB indexes of one or more LBT bandwidths. 

3. Conclusion
In summary, we have the following proposals:
Indication of channel occupancy structure in frequency domain
Proposal 1: For a serving cell, a bitmap for indicating frequency domain availability can configured in DCI format 2_0: 
· The length of the bitmap is equal to the number of configured LBT bandwidths in the serving cell.
· The position of the bitmap in DCI and corresponding serving cell ID are provided by RRC.
· A value of ‘0’ in the bitmap indicates that corresponding LBT bandwidth is not available for DL reception and a value of ‘1’ in the bitmap indicates that corresponding LBT bandwidth is available for DL reception.
Proposal 2: If UE receives a frequency domain availability indication for a serving cell in a DCI format 2_0, this frequency domain availability indication is valid until: 
· The end of COT for the serving cell indicated by the same DCI format 2_0
· Receiving a new frequency domain availability indication for the serving cell in a later DCI format 2_0
Proposal 3: If no valid frequency domain availability indication is ongoing or GC-PDCCH is not configured for a serving cell, UE should assume that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 4: At the beginning of DL transmission burst of a serving cell, gNB could indicate UE that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 5: When UE detects a DCI format 2_0 indicating a reserved state (e.g., all “0”s) in the bitmap for frequency domain availability indication, UE assumes that only the LBT bandwidth(s) with detected DCI format 2_0 or any DCI format is available for DL reception.

UE behavior for a LBT BW indicated as available/unavailable for DL reception
Proposal 6: For a search space set configuration associated with a CORESET that is confined within a LBT bandwidth and has one or more frequency-domain monitoring locations corresponding to one or more LBT bandwidths:
· If one of the LBT bandwidths is indicated as unavailable by a frequency domain availability indication in DCI format 2_0, the frequency-domain monitoring location corresponding to the unavailable LBT bandwidth is disabled.

Multiple CORESET monitoring locations in the frequency domain
Proposal 7: Introduce a new parameter (e.g., freqMonitorLocations) in a search space set configuration to indicate one or more values. 
· Each value corresponds to a frequency domain monitoring location for the CORESET associated with the search space set configuration.
· Each value represents an RB offset, and a replicated frequency-domain resource allocation pattern of the associated CORESET is determined by shifting the frequency-domain resource allocation pattern configured by frequencyDomainResources according to the RB offset.
Proposal 8: The new parameter (e.g., freqMonitorLocations) for providing one or more monitoring locations in frequency domain in a search space set configuration can be used to align one or more frequency-domain resource allocation patterns with the starting PRB indexes of one or more LBT bandwidths.
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