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1. Introduction

In RAN1#96bis and RAN1#98 meetings [1]-[2], the following agreements were made related to DL/UL BWP operation for NR-U.
	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
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


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#98 meeting, it was agreed that a CORESET confined within a LBT bandwidth can be duplicated to one or multiple LBT bandwidth(s). However, RAN1 needs to discuss further details to make the agreement clearer. To be specific, the following two issues should be resolved.

· Issue 1: How to differentiate a CORESET confined within a LBT bandwidth with other CORESET that can span to multiple LBT bandwidth?

· Issue 2: How to specify search space set configuration to copy and paste the CORESET confined within a LBT bandwidth to one or multiple LBT bandwidth(s)?

For the first issue, the following two alternatives can be considered for CORESET configuration.

· Alt 1: Introduce new RRC parameter (e.g., frequencyDomainResources-r16) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, where the RRC parameter corresponds to a LBT bandwidth (e.g., the first LBT bandwidth within the active BWP).

· Alt 2: Re-use current RRC parameter (i.e., frequencyDomainResources) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, and apply new search space set configuration only if the configured CORESET bandwidth is confined within a LBT bandwidth.

For the second issue, the following two alternatives can be considered for search space set configuration.

· Alt A: Introduce a bitmap to allocate a CORESET (confined within a LBT bandwidth) to one or multiple LBT bandwidths, where each bit in the bitmap corresponds to each LBT bandwidth within the active BWP.

· Alt B: Introduce a set of RB-offset values to allocate a CORESET (confined within a LBT bandwidth) to one or multiple LBT bandwidths, where each RB-offset value indicates the location of each monitoring occasion in frequency domain for the search space set configuration from a specific reference point (e.g., RB index 0 within the active BWP).
For instance, if Alt 1 for CORESET configuration and Alt A for search space set configuration are chosen, as shown in Figure 1, 8-bit bitmap corresponding to a CORESET confined within a LBT bandwidth can apply only to LBT-BW#1 since LBT-BW level 2-bit bitmap indicates ‘10’.
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Figure 1. Example of PDCCH configuration applying Alt 1 and Alt A.

For another instance, in case Alt 2 for CORESET configuration and Alt B for search space set configuration are selected, as shown in Figure 2, if a CORESET provided with 45-bit bitmap as in Rel-15 NR is configured to be confined within LBT-BW#1, monitoring occasions in frequency domain for search space set configuration can be applied with RB-level offsets A and B e.g., from the lowest RB index of the active BWP.
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Figure 2. Example of PDCCH configuration applying Alt 2 and Alt B.

In addition, if a search space set is configured with multiple monitoring occasions in frequency domain (as in Figure 2), it seems necessary to further discuss how to apply the number of PDCCH candidates (e.g., per search space set or per monitoring occasion in frequency domain) and how to determine valid PDCCH candidates (e.g., dropping PDCCH candidates per LBT-BW, rather than per search space set) if the number of PDCCH candidates or non-overlapping CCEs is overbooked.
Proposal #1: For the case where a CORESET is confined within a LBT bandwidth, in order to enable the search space set configuration (associated with the CORESET) to have multiple monitoring locations in the frequency domain (per LBT bandwidth),

· For CORESET configuration, consider one of the following alternatives.
·  Alt 1: Introduce new RRC parameter (e.g., frequencyDomainResources-r16) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, where the RRC parameter corresponds to a single reference LBT bandwidth (e.g., the first LBT bandwidth within the active BWP).

·  Alt 2: Re-use current RRC parameter (i.e., frequencyDomainResources) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, and apply Alt A or Alt B for search space set configuration only if the CORESET is configured to be confined within one of LBT bandwidths within the active BWP.

· For search space set configuration associated with a CORESET configured by applying Alt 1 or Alt 2, consider one of the following alternatives.
·  Alt A: Introduce a bitmap to allocate the CORESET to one or multiple LBT bandwidths, where each bit in the bitmap corresponds to each LBT bandwidth within the active BWP.

·  Alt B: Introduce a set of RB-offset values to allocate the CORESET to one or multiple LBT bandwidths, where each RB-offset value indicates the location of each monitoring occasion in frequency domain for the search space set configuration from a reference point (FFS on details for the reference point, including RB index 0 within the active BWP)
Regardless of whether gNB configures a CORESET confined within a LBT bandwidth or spanning over multiple LBT bandwidths, 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) within each LBT bandwidth.
Figure 3(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. It is observed that at most 42 PRBs can be used for CORESET in LBT-BW#1 considering in-carrier guard-bands between LBT bandwidths, even though 51 PRBs are available for LBT-BW#1. However, as shown in Figure 3(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.
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Figure 3. 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 #2: Consider to align 6 RB grid for CORESET frequency domain resource configuration with starting RB index of associated LBT bandwidth, not with common RB index 0 as in Rel-15 NR.

Additionally, depending on the availability of LBT-BWs for DL reception, allocation of PDCCH BD candidates for a search space (or for a LBT-BW) can be adjusted. In RAN1#97 meeting, it was agreed that GC-PDCCH indicates which LBT-BWs are available or not available for DL reception. For instance, if N PDCCH BD candidates are configured for a search space linked to CORESET distributed over LBT-BW#1 and LBT-BW#2 and the UE receives the GC-PDCCH indicating that LBT-BW#1 is available but LBT-BW#2 is not available for DL reception, UE can re-allocate N PDCCH BD candidates for LBT-BW#1 or skip monitoring for K (<N) PDCCH BD candidates that are overlapped with LBT-BW#2. It is noted that re-allocation or skipping of PDCCH BD candidates based on DL availability of LBT-BWs may have an impact on BD/CCE limitation handling procedure.
3. In-carrier guard-band

In RAN4#82 meeting, it was agreed to specify the number of PRBs needed for in-carrier guard-band which is defined between LBT bandwidths considering wide-band operation such as that gNB may transmit part of LBT bandwidths within the active BWP if gNB succeeds LBT for that part of LBT bandwidths. Therefore, we need to investigate impact of in-carrier guard-band in RAN1 specification.
For PDCCH configuration, some of bits in bitmap for CORESET frequency domain resource configuration may be overlapped with in-carrier guard-band. In that 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.

For PDSCH reception, PRBs associated with in-carrier guard-band can be mapped with PDSCH X symbols after DL burst starts, where gNB may need X symbols for filter adaptation time. Therefore, gNB may explicitly indicate whether PDSCH is mapped on PRBs associated with in-carrier guard-band or not, or implicitly indicate PDSCH mapping on in-carrier guard-band by using GC-PDCCH carrying channel occupancy information. Furthermore, in order to support efficient scheduling of PDSCH on frequency domain resource overlapped with in-carrier guard-band, separate scheduling (or pre-coding) unit (e.g., RBG, PRG, etc) can be defined for PRBs configured as in-carrier guard-band.
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 GC-PDCCH 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 or simply dropped. In the former case (where parts of CSI-RS can be transmitted), it seems necessary to discuss how to perform CSI/RRM measurement or report corresponding to LBT-BWs not transmitted by gNB due to LBT failure. Also for RLM measurement, it can be investigated how to determine IS/OOS considering the case where parts of RLM-RS bandwidth cannot be transmitted by gNB.
Proposal #3: Investigate the impact of in-carrier guard-band on RAN1 specification, in terms of PDCCH configuration, PDSCH reception, and wide-band CSI-RS.

4. Conclusion
In this contribution, we provided our views on wide-band operation for NR-U and proposals are as follows.
Proposal #1: For the case where a CORESET is confined within a LBT bandwidth, in order to enable the search space set configuration (associated with the CORESET) to have multiple monitoring locations in the frequency domain (per LBT bandwidth),

· For CORESET configuration, consider one of the following alternatives.
·  Alt 1: Introduce new RRC parameter (e.g., frequencyDomainResources-r16) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, where the RRC parameter corresponds to a single reference LBT bandwidth (e.g., the first LBT bandwidth within the active BWP).

·  Alt 2: Re-use current RRC parameter (i.e., frequencyDomainResources) for 6 RB grid bitmap to configure frequency domain resource for a CORESET, and apply Alt A or Alt B for search space set configuration only if the CORESET is configured to be confined within one of LBT bandwidths within the active BWP.

· For search space set configuration associated with a CORESET configured by applying Alt 1 or Alt 2, consider one of the following alternatives.
·  Alt A: Introduce a bitmap to allocate the CORESET to one or multiple LBT bandwidths, where each bit in the bitmap corresponds to each LBT bandwidth within the active BWP.

·  Alt B: Introduce a set of RB-offset values to allocate the CORESET to one or multiple LBT bandwidths, where each RB-offset value indicates the location of each monitoring occasion in frequency domain for the search space set configuration from a reference point (FFS on details for the reference point, including RB index 0 within the active BWP)
Proposal #2: Consider to align 6 RB grid for CORESET frequency domain resource configuration with starting RB index of associated LBT bandwidth, not with common RB index 0 as in Rel-15 NR.

Proposal #3: Investigate the impact of in-carrier guard-band on RAN1 specification, in terms of PDCCH configuration, PDSCH reception, and wide-band CSI-RS.
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