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1 Introduction
In the RAN1#98 meeting [1], the following for wideband operation was agreed:
	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


This contribution discusses the aspects of wideband operation for both downlink and uplink NR-U operation.
2 Wideband operation
In the past meeting, two alternatives for UL wideband operation were identified, wherein at least the Alt. 1 was agreed to support and feasibility of Alt. 2 is being discussed in RAN4. However, considering more limited processing capability of UE, it would be difficult to support wideband operation with a full flexibility in UL (Alt. 2). Furthermore, additional mechanism may be required to indicate actually transmitted LBT bandwidths to gNB, which requires additional specification impacts as well as signaling overhead. Therefore, for UL wideband operation, it is preferred to support only Alt. 1 that UE transmits PUSCH on a single BWP if CCA is successful for all LBT bandwidths where PUSCH is scheduled. 
Proposal 1: For UL wideband operation, it is preferred to support only Alt 1.
For DL operation, RAN4 has provided their view on the DL wideband operation, wherein gNB is feasible to transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB at least if PRBs within the guard-band of two contiguous LBT bandwidths are not scheduled by gNB. Hence, depending on the aspects of guard-bands, scheduling mechanism, and RAN4’s feedback, allowing PDCCH/PDSCH transmission on parts or whole of BWP could be considered for NR-U to utilize unlicensed spectrum more efficiently and flexibly, compared to the option where gNB can transmit PDCCH/PDSCH on a BWP only if CCA is successful for the whole LBT bandwidths where PDSCH is scheduled.
Proposal 2: For DL wideband operation, a gNB can transmit PDCCH/PDSCH on parts of single active BWP where CCA is successful at the gNB at least if PRBs within the guard-band of two contiguous LBT bandwidths are not scheduled by gNB.
2.1 LBT bandwidth occupancy indication
In SI phase, it was agreed that at least for a band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. Therefore, for a carrier with bandwidth larger than 20MHz, a gNB can perform CCA per 20MHz LBT bandwidth. According to the CCA result, the gNB may transmit PDSCH(s) on parts or whole of LBT bandwidth(s) where CCA is successful. For a UE perspective, it is desirable if the UE knows the LBT bandwidth(s) occupied by the serving gNB to adapt PDCCH monitoring, PDSCH reception, CSI measurement, and so on. In the last meeting [1], it was agreed to introduce bit field in GC-PDCCH as a way of indicating the gNB’s available LBT bandwidths to the UE. However, there are still remaining issues need to be discussed further as following: 
· The time domain validity of the indication
· Whether and how to support the mechanism at the beginning of the DL transmission burst
· Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
After receiving and decoding the GC-PDCCH which includes bit field indicating gNB’s available LBT bandwidths, UE can identify which LBT bandwidths are occupied by the gNB. Then, UE needs to determine how long the obtained LBT bandwidth occupancy indication is valid. For this, three potential alternatives can be considered. Specifically, LBT bandwidth occupancy indication can be valid 
1) in the current slot only or
2) until next GC-PDCCH indication or next GC-PDCCH occasion or
3) within the indicated COT
Even if the first alternative may achieve a high accuracy in aspects of validation, it would not be feasible considering the gNB’s processing time and signaling overhead. For the second alternative, gNB transmits LBT bandwidth occupancy indication in every GC-PDCCH occasion. Then, UE updates LBT bandwidth occupancy indication based on the received GC-PDCCH or UE can assume LBT bandwidth occupancy indication is valid until next GC-PDCCH occasion in case of miss detection of GC-PDCCH . In the second alternative, signaling overhead and validation accuracy can be adjusted according to the GC-PDCCH occasion periodicity. However, it is worth noting that in-band interference in a carrier would be weak. Hence, indicated LBT bandwidth occupancy indication is likely unchanged within the COT. In addition, during the SI phase, it was already identified that using GC-PDCCH for the indication of the COT structure is beneficial so that it is easy to obtain COT structure along with LBT bandwidth occupancy indication. Therefore, considering the interference property and signaling overhead, we slightly prefer to adopt third alternative for the time validity of the LBT bandwidth occupancy indication.
Proposal 3: LBT bandwidth occupancy indication can be valid within a configured COT.
Considering the gNB’s processing time and flexible starting position of DL transmission, it is difficult to transmit GC- PDCCH including LBT bandwidth occupancy indication at the beginning of the DL burst. As a result, UE would not acquire the channel occupancy indication in the first slot. One available solution for this is that gNB informs the LBT bandwidth occupancy indication of the first slot in a later slot. By indicating the LBT bandwidth occupancy indication of the first slot or previous slot in the GC-PDCCH transmitting in the current slot or later slot, UE can obtain the LBT bandwidth occupancy indication for the beginning slot. However, this would require some specification efforts such as signaling details of indication and time validity of the indication included in a later slot. Another straightforward solution is to leave how to handle the first slot of the DL burst as a UE implementation. UE can perform blind decoding for GC- PDCCH or UE-specific DCI at the initial slot. It would be also possible that UE defers the DL decoding of the first slot until UE receives valid GC-PDCCH . Due to the less specification impact, we prefer to adopt UE implementation mechanism when GC-PDCCH is not available at the beginning of DL burst.
Proposal 4: It is up to UE implementation when GC-PDCCH is not available at the beginning of DL burst.
Lastly, it should be dealt with the case when GC-PDCCH is not configured. Basically, the solution for this case is up to the UE implementation. UE can perform blind decoding for UE-specific DCI without channel occupancy information. Of course, this would cause UE processing burden. However, it can be reduced by using the DL burst detection mechanism which is being discussed in NR-U Dl Signal and Channel AI. 
Proposal 5: It is up to UE implementation when GC- PDCCH is not configured.
2.2 CORESET configuration for wideband operation
In the RAN1#98 [1], it was agreed that search space set configuration can have multiple monitoring locations in the frequency domain for the case where a CORESET is confined within a LBT bandwidth. Then, one of the remaining issues from RAN1 perspective is how to set the frequency domain resource configuration in CORESET. To indicate whether CORESET is allocated or not, in NR, CORESET configuration provides a bitmap where each bit corresponds a group of 6 RBs and the most significant bit indicates the first available group of 6 RBs within the BWP. This approach, i.e., common RB based grouping, could be applied directly to NR-U wideband operation. However, it is worth noting that in NR-U, guard band needs to be considered to determine the first available group of 6 RBs as well as starting RB of BWP. As shown in Fig. 1(a), considering the guard bands, the first available group of 6 RBs could be shifted, which could result in the performance loss of PDCCH capacity. Alternatively, it is possible to regroup 6 RBs based on the first available RB within the LBT bandwidth as depicted in Fig. 1(b). Then, gNB can have more groups of 6 RBs to allocate for the CORESET configuration, which could increase the PDCCH capacity.
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(a) Common RB based grouping                         (b) LBT bandwidth based grouping
Figure 1. The first available group of 6 RBs
Proposal 6: For NR-U wideband operation, a group of 6 PRBs for CORESET configuration can be grouped based on the first available PRB of the LBT bandwidth.
Furthermore, according to the agreement, UE may need to perform blind PDCCH decoding for multiple LBT bandwidths where each LBT bandwidth has a same CORESET and search space configuration. It seems unavoidable at the beginning of COT since UE does not know which LBT bandwidth is occupied by the gNB. However, this could result in unnecessary increase of decoding complexity at the UE especially when UE obtains the information of gNB’s channel occupancy. Hence, it is desirable to introduce a mechanism which can reduce the PDCCH decoding burden at the UE side. As an example, after receiving GC-DCI informing gNB’s available LBT bandwidth, UE can perform PDCCH monitoring on all or subset of the LBT bandwidths which are occupied by the gNB.
Proposal 7: For the CORESET configuration in NR-U wideband operation, PDCCH monitoring adaptation mechanism should be considered to diminish the blind decoding burden at the UE side.
2.3 Interleave for wideband operation
A DL BWP can include multiple LBT bandwidths, and LBT is done with the unit of LBT bandwidth. In NR, for distributed resource allocation, interleave is done per-BWP, the allocated virtual PRBs will be interleaved to the whole BWP bandwidth. For NR-U, some LBT bandwidths may be idle, and some LBT bandwidths may be busy, if per-BWP interleave is used, some allocated PRBs will be in the busy LBT bandwidths, UE can’t not receive the PDSCH in these LBT bandwidths as shown in Figure 2a. If interleave is done across idle LBT bandwidths, UE can receive the PDSCH in theses LBT bandwidths as shown in Figure 2b.
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Figure 2a                                            Figure 2b

Proposal 8: Interleave is done across idle LBT bandwidths in NR-U.      
3 Conclusion
The proposals and observation made in this contribution are summarized below:
Proposal 1: For UL wideband operation, it is preferred to support only Alt 1.
Proposal 2: For DL wideband operation, a gNB can transmit PDCCH/PDSCH on parts of single active BWP where CCA is successful at the gNB at least if PRBs within the guard-band of two contiguous LBT bandwidths are not scheduled by gNB.
Proposal 3: LBT bandwidth occupancy indication can be valid within a configured COT.
Proposal 4: It is up to UE implementation when GC-PDCCH is not available at the beginning of DL burst.
Proposal 5: It is up to UE implementation when GC- PDCCH is not configured.
Proposal 6: For NR-U wideband operation, a group of 6 PRBs for CORESET configuration can be grouped based on the first available PRB of the LBT bandwidth.
Proposal 7: For the CORESET configuration in NR-U wideband operation, PDCCH monitoring adaptation mechanism should be considered to diminish the blind decoding burden at the UE side.
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