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


This contribution discusses the aspects of wideband operation for both downlink and uplink NR-U operation.
2 Wideband operation
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 1: 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 2: 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 3: 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 4: It is up to UE implementation when GC- PDCCH is not configured.
2.2 CORESET configuration for wideband operation
In the RAN1#98 [2], 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 5: 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 6: 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 CORESET monitoring capability in NR-U
For unlicensed operation, a CORESET resource can be configured to span multiple LBT bandwidths or be confined within a LBT bandwidth. If a CORESET spans multiple LBT bandwidths, either a UE might detect a punctured PDCCH if any of the associated LBT bandwidths is not available, which is not desirable in terms of PDCCH decoding performance, or gNB scheduling flexibility is severely limited in order to ensure a PDCCH candidate is within a LBT bandwidth, which may not be always possible. RAN1 has identified the issues and decided no further enhancement on such configuration will be discussed in Rel-16. 
[bookmark: _GoBack]To address the issue, in RAN1 #98 and RAN1 #98bis meetings, search space set configuration in a serving cell with carrier bandwidth greater than a LBT bandwidth is agreed to include multiple monitoring occasions of CORESET in frequency domain and each CORESET monitoring occasion in the frequency domain is configured to be confined within a LBT bandwidth. From a UE implementation viewpoint, due to some per LBT bandwidth natures among those monitoring occasions, e.g., CCE-to-REG mapping, these CORESET monitoring occasions act very much like separate Rel-15 CORESET configurations. Consequently, a UE which can support 4 Rel-15 CORESETs per BWP may only conservatively report one CORESET by the Rel-15 capability signaling when 4 LBT bandwidths are configured, which doesn’t align with UE’s overall capability in licensed operation. On the other hand, if the UE signals more than one CORESETs by using the Rel-15 capability signaling, it is possible that the UE can’t fully manage the multiple CORESET configurations on multiple frequency domain monitoring occasions. Although, in our understanding, a UE would be able to support wideband operation without supporting multiple monitoring occasions of CORESET in frequency domain if a CORESET can span multiple LBT bandwidths, it is not clear that such configuration can always serve properly in NR-U with the potential drawbacks mentioned above. Therefore, multiple monitoring occasions of CORESET in frequency domain is preferred in both network and UE perspectives, and it is beneficial to introduce an NR-U specific capability regarding the number of CORESETs accordingly such that the Rel-15 CORESET capability will not be utilized inefficiently.
Proposal 7: With a carrier bandwidth greater than a LBT bandwidth (20MHz), UE reports a capability on the maximum number of CORESET per BWP a UE can support as a separate signaling from the corresponding Rel-15 signaling. The capability is effective only when multiple monitoring occasions of CORESET in frequency domain is configured.
2.4 Intra-carrier guard bands
In the RAN1#98bis [1], RAN1 agreed to adjust intra-carrier guard bands semi-statically with RB level granularity. However, it has not been decided yet whether and how to use the intra-carrier guard bands when intra-carrier guard bands are part of resource allocation. From resource efficiency perspective, it is desirable to use intra-carrier guard bands which are located within contiguous LBT bandwidths. For the UL wideband operation, intra-carrier guard bands can be used since UL transmission is performed only when CCA is successful at UE in all contiguous LBT bandwidths as agreed in the last meeting [1]. However, for the DL wideband operation, gNB does not know the LBT results at the beginning of DL transmission. If gNB occupies contiguous LBT bandwidths, gNB can use intra-carrier guard bands for DL transmission. Otherwise, gNB should not transmit any signal in the intra-carrier guard bands to meet the spectral emission requirement. Considering gNB’s the processing time for DL transmission, it is difficult to re-schedule with consideration of intra-carrier guard bands according to the LBT outcome immediately. Hence, it seems reasonable not to exploit intra-carrier guard bands at the beginning of DL burst. However, once gNB occupies contiguous LBT bandwidths, gNB should be able to schedule DL data on the intra-carrier guard bands. Then, the following issue is how to indicate the usage of intra-carrier guard bands to the UE, i.e., implicitly or explicitly. As an implicit way, based on the GC-PDCCH indicating LBT bandwidth occupancy, UE can identify the usage of intra-carrier guard bands. In addition, it would be possible to leave it as a UE implementation. For example, after a certain time from the initial channel occupancy, gNB allocates downlink data on the intra-carrier guard bands when contiguous LBT bandwidths are occupied. Then, UE performs blind decoding to identify whether intra-carrier guard bands are used or not. As an explicit way, explicit signaling indicating usage of intra-carrier guard bands can be included in the scheduling DCI or GC-PDCCH. In other words, when gNB transmits an explicit signaling, gNB exploits intra-carrier guard bands for the DL transmission.
Proposal 8: For the UL wideband operation, intra-carrier guard bands can be used when contiguous LBT bandwidths are scheduled.
Proposal 9: For the DL wideband operation, how to indicate the usage of intra-carrier guard bands should be discussed.
2.5 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 10: 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 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 2: LBT bandwidth occupancy indication can be valid within a configured COT.
Proposal 3: It is up to UE implementation 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 configured.
Proposal 5: 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 6: 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.
Proposal 7: With a carrier bandwidth greater than a sub-band bandwidth (20MHz), UE reports a capability on the maximum number of CORESET per BWP a UE can support as a separate signaling from the corresponding Rel-15 signaling. The capability is effective only when multiple monitoring occasions of CORESET in frequency domain is configured.
Proposal 8: For the UL wideband operation, intra-carrier guard bands can be used when contiguous LBT bandwidths are scheduled.
Proposal 9: For the DL wideband operation, how to indicate the usage of intra-carrier guard bands should be discussed.
Proposal 10: Interleave is done across idle LBT bandwidths in NR-U.      
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