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Introduction 
We have following agreements on wideband operation during the NR-U work item phase:

	In RAN1 NR Adhoc:
Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

Agreement:
· Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

In RAN1 #96bis:

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

In RAN1 #97:

Agreement:
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, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE

In RAN1 #98:

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 RAN1 #98b:

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 remaining issues for downlink wideband operations and also proposes the desirable mechanism for uplink wideband operation.
Intra-carrier guard-band
From the LS from RAN4 [3], it is stated that RAN4 is working on the case that PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB

	
· It is feasible to operate single carrier wideband operation when LBT is successful in all LBT sub-bands
· FFS whether guardbands are needed in between LBT sub-bands or not

· Mode 2 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous) is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage.

· Mode 3 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous) 
· is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB. 
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage. 
· FFS what level of in-carrier leakage and blocking requirements can be met at the BS and UE
· FFS how to specify this in RAN4
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.




In the last RAN4 meeting, they agreed on the WF on guardband as given below [4]: 

	· Define two different types of guardbands for NR-U: 
· Carrier guardbands (inter-carrier guardbands)
· In-carrier guardbands (intra-carrier guards)
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· Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs. 
· These are defined on a common RB grid which reference point is configured by the gNB as specified in section 5.3.4 of 38.101-1. 
· No intra-carrier guards are defined for 20 MHz carriers
·  RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands and number of PRBs needed for intra-carrier guards to meet spectral emission mask defined for NR-U. 
· The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed. Introduction of flexible guard-bands at sub-block edge is left FFS. Meaning scheduling of either additional or a reduced number of sub-block edge guard PRBs.



For UL wideband operation, we agreed that UE only transmit on the UL if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission. In this case, gNB and UL can assume that all scheduled LBT BWs are always available and the filtering should be always used over the whole scheduled BW. Therefore, it is desirable to schedule intra-carrier guardband in order to increase the spectrum efficiency and also to acquire the full benefit of single carrier wideband operation compared to CA based operation. 
However, for DL wideband we have to differentiate the use of guardband depending on the different wideband alternatives. For the case that gNB configures that gNB transmits PDSCH on whole of single active BWP if CCA is successful for whole LBT BWs inside the BWP at gNB (DL wideband alt-3), same argument with the UL wideband operation can be also used for the downlink. So it is assumed that guardband is always used if overlapped with the resource allocation. 
For the other case that gNB transmits PDSCH on parts or whole of single active BWP where CCA is successful at gNB (DL wideband alt-2), there can be filtering issue. If CCA is not successful for some of the LBT BW, then the guardband between successful LBT BW and un-successful LBT BW should not be used for scheduling. Since the LBT outcome cannot be known to either gNB and UE, it is desirable that UE assumes nothing is transmitted on the intra-carrier guardband. 
So for supporting the above two different alternative DL wideband operations, we need to have a mechanism to protect the guardband at least for the DL wideband alt-2. The simplest mechanism to protect guardband is to reuse the RateMatchPattern which is supported by Rel-15 [7]. This scheme was originally designed for avoiding the transmission of PDSCH inside the resource reserved for other purposes. Therefore, gNB can utilize this function to avoid the transmission of PDSCH by enabling rate matching around the resources reserved for intra-carrier guardband.

Proposal 1
· For UL wideband operation,
· Guardband is always used if overlapped with the resource allocation
· For DL wideband operation, 
· If gNB configures that gNB transmits PDSCH on whole of single active BWP if CCA is successful for whole LBT BWs inside the BWP at gNB (DL wideband alt-3), guardband is always used if overlapped with the resource allocation
· If gNB configures that gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (DL wideband alt-2), then UE always assumes nothing is transmitted on the Intra-carrier guardband
· The protection of guardband for DL wideband alt-2, rate-matching is performed around the configured intra-carrier guardband by the proper configuration of RateMatchPattern which is supported by Rel-15 NR
CORESET configuration for LBT bandwidth
In RAN1 #97 [2], it was agreed in MIMO agenda that maximal number of CORESETs can be increased. Once we support the increased number of CORESETs, we may utilize this aspect not only for MIMO, but also for NR-U wideband operation. Straightforwardly, Alt.1 can be the potential option for the UEs which can support up to 5 CORESETs. 

	Agreement
For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 
· FFS: How to define capability per TRP 
· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.



However, it is also needed to configure GC-PDCCH in each of the LBT BW as discussed above. But it is not possible to have multiple CORESETs for GC-PDCCH. In this case, we can use cluster based CORESET configuration by splitting CORESET resources for each LBT BW, which is already supported by Rel-15 [6]. Even if this cluster based CORESET is configured, we can still enable the feature that each PDCCH candidate can be confined within one LBT BW, by appropriate configuration as given below. Therefore RAN1 additionally agreed that 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). So in Rel-16 NR-U, there can be multiple options for gNB to configure the CORESET/search space in order to support wideband operation. 
[bookmark: _Hlk24070555]For the agreement on multiple monitoring locations in the frequency domain, we may need to discuss how to realize this aspects in the spec. Figure 1 is showing how CORESET can be configured with the agreement, where one CORESET is configured as done in Rel-15 with the restriction that CORESET spans inside a single LBT BW and additional monitoring locations with the same CORESET properties except frequency locations are configured in search space. One issue is that intra-carrier guardband can be also configured between two adjacent LBT BWs as shown in Figure 1. The guardband needs to be avoided to be configured as CORESET. In Rel-15, the CORESET configuration in frequency domain is based on 6RB allocation indexing from the CRB#0. If we keep 6RB allocation even for the configuration of the additional monitoring locations of a CORESET in the frequency domain, it may not be possible to fully utilize the frequency resource for the CORESET, which means that 48 PRBs (96 PRBs) may not be supported for 30KHz SCS (15KHz SCS) due to the fact that PRB group in each edge which is overlapped with the guardband is not available for CORESET. In order to have more flexibility for the utilization of the available RBs in each LBT BW, it is desirable to utilize the RB level allocation of CORESET, e.g., indicating offset from the boundary of the configured guardband to define the starting position of the additional monitoring locations of the CORESET as shown in Figure 1.


[bookmark: _Ref21099147][bookmark: _Hlk24070569]Figure 1: Multiple monitoring locations for the same CORESET

Proposal 2: CORESET is configured with multiple monitoring positions in frequency domain in each LBT BW (based on the agreement)
· Monitoring occasion in freq domain can be configured using RB offsets from guardband boundary

COT sharing
One other aspect for DL wideband operation is regarding COT sharing between downlink and uplink and potential multiple switching points. As shown in Figure 3, if the gNB acquired COT with multiple LBT BWs in it is shared by a UE, the UE may use the same amount of LBT bandwidths that are available in gNB COT depending on LBTs in gNB side before acquiring the COT. The UE may need to perform CAT-2 LBT for the transmission of uplink inside the COT. If a LBT fails on any of the available LBT bandwidths where PUSCH is scheduled, then UE does not transmit PUSCH in any of LBT bandwidths.
And also if multiple switching points are supported for gNB-initiated COT, the same COT can be switched back to gNB for DL transmissions. In this case, gNB may shrink the available LBT bandwidths inside the COT after uplink to downlink switching gap by performing additional LBT for the LBT bandwidths which were already included in the COT. 
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[bookmark: _Ref7706015]Figure 3: gNB-initiated COT sharing for DL wideband operation 

Proposal 3:
· If a gNB-initiated COT is shared by a UE, then for UL transmissions the UE also can use the same parts of BWP as the available DL LBT subbands 
· If CCA fails on any of the available LBT subbands of the scheduled PUSCH, UE does not transmit the PUSCH for the gap larger than 16 s
· If multiple switching points are supported for a gNB-initiated COT, available LBT subbands may change after the UL-DL switching gap

Conclusion
In this contribution, we discussed wideband operation for NR-U both for downlink and uplink and we derived the following proposals:

Proposal 1
· For UL wideband operation,
· Guardband is always used if overlapped with the resource allocation
· For DL wideband operation, 
· If gNB configures that gNB transmits PDSCH on whole of single active BWP if CCA is successful for whole LBT BWs inside the BWP at gNB (DL wideband alt-3), guardband is always used if overlapped with the resource allocation
· If gNB configures that gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (DL wideband alt-2), then UE always assumes nothing is transmitted on the Intra-carrier guardband
· The protection of guardband for DL wideband alt-2, rate-matching is performed around the configured intra-carrier guardband by the proper configuration of RateMatchPattern which is supported by Rel-15 NR
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Proposal 2
· CORESET is configured with multiple monitoring positions in frequency domain in each LBT BW (based on the agreement)
· Monitoring occasion in freq domain can be supported using RB offsets from guardband boundary

Proposal 3:
· If a gNB-initiated COT is shared by a UE, then for UL transmissions the UE also can use the same parts of BWP as the available DL LBT subbands 
· If CCA fails on any of the available LBT subbands of the scheduled PUSCH, UE does not transmit the PUSCH for the gap larger than 16 s
· If multiple switching points are supported for a gNB-initiated COT, available LBT subbands may change after the UL-DL switching gap
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