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1. Introduction
In RAN1#98 and RAN1#98bis meetings [1]-[2], the following agreements were made related to DL/UL BWP operation for NR-U.
	Conclusion:
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:
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:
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:
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:
· 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 discuss wideband operation (in integer multiples of 20MHz) with one or multiple serving cells with bandwidth larger than 20MHz for NR-U.

2. PDCCH
In RAN1#98bis meeting, it was agreed that a CORESET confined within a LBT BW can be duplicated to one or multiple LBT BW(s) by using search space set configuration. One remaining issue for this search space set configuration is how to assign the number of PDCCH candidates (e.g., per search space set or per monitoring occasion in frequency domain). If the number of PDCCH candidates is allocated for a search space set and the search space set has four monitoring occasions in frequency domain, at most two PDCCH candidates for an aggregation level can be allocated, which seems to be restrictive. In this regard, it would be desirable to assign the number of PDCCH candidates (i.e., nrofCandidates or nrofCandidates-SFI) per monitoring occasion in frequency domain.

Proposal #1: For a search space set configuration associated with multiple monitoring locations in the frequency domain, the number of PDCCH candidates (i.e., nrofCandidates or nrofCandidates-SFI) is assigned for each monitoring location.

As agreed in RAN1#98 meeting, a bitmap in DCI format 2_0 indicates whether each LBT BW is available for DL reception or not, at least for slot(s) that are not at the beginning of DL transmission burst. For the LBT BW indicated to be unavailable for DL reception, UE can reduce power consumption by skipping PDCCH monitoring configured for the LBT BW.

Proposal #2: If a bitmap in DCI format 2_0 indicates that a LBT bandwidth is not available for DL reception for slot(s) within a gNB’s channel occupancy, UE is not required to monitor PDCCH configured to be monitored on the LBT bandwidth for those slots.

Regardless of whether gNB configures a CORESET confined within a LBT BW or spanning over multiple LBT BWs, the enhancement of CORESET configuration needs to be discussed considering the inefficiency of CORESET frequency domain resource configuration in which 6 RB grid starts from common RB index 0. One way could be to change the starting point of 6 RB grid from common RB index 0 to a specific RB index (e.g., the lowest RB index or configured RB index) within each LBT BW.
Figure 1(a) depicts an example of CORESET frequency domain resource configuration, same as in Rel-15 NR in that 6 RB grid starts from common RB index 0. In this case, UE may assume gNB will not set a bit associated with 6 PRBs that are overlapped with in-carrier guard-band to ‘1’. Alternatively, UE may ignore a bit associated with 6 PRBs that are overlapped with in-carrier guard-band. However, it is observed that at most 42 PRBs can be used for CORESET in LBT-BW#1 considering in-carrier guard-bands between LBT BWs, even though 51 PRBs are available for LBT-BW#1. On the other hand, as shown in Figure 1(b), if 6 RB grid is aligned with the starting RB index of LBT-BW#1, at most 48 PRBs can be used for CORESET in LBT-BW#1, and also in LBT-BW#2 by appending bitmap corresponding to LBT-BW#2 following bitmap corresponding to LBT-BW#1 w/o gap (or with gap of 1 or 2 bits).
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Figure 1. Examples of CORESET frequency domain resource configuration: (a) when 6 RB grid starts from common RB index 0 and (b) when 6 RB grid starts from the first RB in each LBT bandwidth.

Proposal #3: The first PRB of the first group of 6 PRBs in the bitmap (that is provided with frequencyDomainResources for the CORESET configuration) corresponds to the first PRB index in the first LBT bandwidth for a BWP associated with the CORESET. If the BWP spans over multiple LBT bandwidths, the first PRB of the k-th group of 6 PRBs in the bitmap corresponds to the first PRB index in the m-th LBT bandwidth for the BWP where  and  is the number of PRBs of s-th LBT bandwidth.

3. CSI-RS
For CSI-RS, the following alternatives can be considered for CSI-RS frequency domain resource configuration.
· Alt. 1: CSI-RS frequency domain resource is configured to be confined within a LBT BW.
· Alt. 2: CSI-RS frequency domain resource is configured to be distributed over one or multiple LBT BWs.
Whether to be transmitted or not or actually transmitted CSI-RS BW can be informed by DCI format 2_0 carrying gNB’s channel occupancy information or UE-specific DCI (especially for aperiodic CSI-RS). For Alt. 1, CSI measurement and reporting can be simply performed per LBT BW but gNB may need to configure multiple CSI-RS resources to obtain CSI corresponding to multiple LBW BWs within a BWP. For Alt. 2, depending on LBT outcome for each LBT-BW, only parts of CSI-RS in frequency domain can be transmitted. In spite of the simplicity of Alt. 1, Alt. 2 is preferable since Alt. 1 seems unnecessarily restrictive.
As in Alt. 2, if CSI-RS is configured to span over multiple LBT BWs, gNB implementation may not be easy to map CSI-RS on PRBs associated with in-carrier guard-band considering only parts of CSI-RS can be transmitted depending on LBT outcome from gNB side. The simplest way is not to map CSI-RS on PRBs associated with in-carrier guard-band, which means UE does not perform rate-matching of PDSCH for CSI-RS on in-carrier guard-band. For instance, if CSI-RS is configured with 106 PRBs on 40 MHz BWP and in-carrier guard band for the BWP is configured with 4 PRBs between two LBT BWs as in Figure 1, UE assumes that CSI-RS will not be mapped on 4 PRBs of in-carrier guard band in every configured slot/symbol.
In addition, we need to discuss how to perform CSI/RRM measurement considering the case where parts of LBT BWs configured for CSI-RS for CQI acquisition (or mobility) are not transmitted by gNB due to LBT failure. In detail, only for the LBT BW indicated to be available for DL reception via DCI format 2_0, UE can be allowed to perform CSI/RRM measurement. Also for RLM measurement, UE may determine IS/OOS only for the LBT BW indicated to be available for DL reception.

Proposal #4: If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths, the UE assumes the CSI-RS is not transmitted on PRBs contained in configured (or predefined) in-carrier guard band.
Proposal #5: If a UE is configured with a CSI-RS for CQI acquisition (or mobility) spanning over multiple LBT bandwidths and a bitmap in DCI format 2_0 indicates that a LBT bandwidth among corresponding multiple LBT bandwidths is not available for DL reception for slot(s) within a gNB’s channel occupancy, the UE is not required to perform CSI measurement (or RRM/RLM measurement) on the LBT bandwidth by using the CSI-RS for those slots.

4. Conclusion
In this contribution, we provided our views on wide-band operation for NR-U and proposals are as follows.
Proposal #1: For a search space set configuration associated with multiple monitoring locations in the frequency domain, the number of PDCCH candidates (i.e., nrofCandidates or nrofCandidates-SFI) is assigned for each monitoring location.
Proposal #2: If a bitmap in DCI format 2_0 indicates that a LBT bandwidth is not available for DL reception for slot(s) within a gNB’s channel occupancy, UE is not required to monitor PDCCH configured to be monitored on the LBT bandwidth for those slots.
Proposal #3: The first PRB of the first group of 6 PRBs in the bitmap (that is provided with frequencyDomainResources for the CORESET configuration) corresponds to the first PRB index in the first LBT bandwidth for a BWP associated with the CORESET. If the BWP spans over multiple LBT bandwidths, the first PRB of the k-th group of 6 PRBs in the bitmap corresponds to the first PRB index in the m-th LBT bandwidth for the BWP where  and  is the number of PRBs of s-th LBT bandwidth.
Proposal #4: If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths, the UE assumes the CSI-RS is not transmitted on PRBs contained in configured (or predefined) in-carrier guard band.
Proposal #5: If a UE is configured with a CSI-RS for CQI acquisition (or mobility) spanning over multiple LBT bandwidths and a bitmap in DCI format 2_0 indicates that a LBT bandwidth among corresponding multiple LBT bandwidths is not available for DL reception for slot(s) within a gNB’s channel occupancy, the UE is not required to perform CSI measurement (or RRM/RLM measurement) on the LBT bandwidth by using the CSI-RS for those slots.
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