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Introduction
In RAN1 meeting #97, it was concluded that UE’s behavior for PDSCH reception on unlicensed band should be kept the same as that of Rel-15 and current agreements in Rel-16.
Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.
This contribution further discusses PDCCH transmission for DL wideband as well as UL wideband operation. 
DL wideband operation
For DL wideband operation, it was agreed to support option 3, i.e., 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 for NR-U downlink. Here we discuss some further issues on DL wideband operation.
· Restrictions on transmission on parts of a single active BWP 
As discussed in previous meetings, when gNB plans to transmit on a BWP with multiple LBT subbands while it can only transmit on parts of the multiple LBT subbands based on the LBT results, the gNB should reserve some unusable resource as guard-band at each side of the transmitted LBT subbands which are not contiguous to avoid interfering transmission on neighbor LBT subbands. Some restrictions on transmission on parts of a single active BWP should be considered for such kind of transmission to reduce the multiple guard-bands impact, for example, the parts of BWP with multiple LBT subbands should be contiguous in frequency domain. If one active BWP includes 4 LBT subbands and gNB acquires the transmission opportunities on the first and the third LBT subbands, then the gNB can only choose one of the succeeded LBT subband for PDSCH transmission.
Proposal 1: PDSCH transmission on parts of a single active BWP where CCA is successful at gNB can be restricted within contiguous subbands. 
· CORESET configuration and PDCCH transmission 
There are two CORESET configuration candidates for wideband:
· Option 1: One CORESET consists of multi-cluster with one cluster per LBT subband.
· Option 2: Multi-CORESET with one CORESET per LBT subband.
For option 1, Rel-15 CORESET configuration can be reused since it is flexible enough to configure non-contiguous control resource per LBT subband using bitmap. This method is simple and no extra specification effort needed. For option 2, if one CORESET is configured within one subband, considering that unlicensed band could be divided into multiple subbands, the required CORESET number will be large and the maximum CORESET number will highly depend on maximum subband number of one BWP. In addition, PDCCH blind detection behavior of one UE becomes complexity since there could be multiple search spaces which corresponding to different LBT subbands should have the same priority. So extra specification efforts and implementation complexity should be considered for option 2. 
For PDCCH transmission, there could be two cases of PDCCH transmission for wideband:
· Case 1: PDCCH is transmitted within one LBT subband.
· Case 2: PDCCH is transmitted over multiple LBT subbands.
Normally, case 1 PDCCH transmission can be used to schedule PDSCH transmission on the same subband at the beginning of one gNB-initiated COT, case 2 PDCCH transmission can be used for GC-PDCCH transmission or to schedule PDSCH transmission after gNB achieved transmission opportunity. 
For CORESET configuration option 1, case 1 PDCCH transmission should be restricted within one LBT subband, case 2 PDCCH can be transmitted over multiple LBT subbands, e.g., follow Rel-15 rules. To improve the performance of case 2 PDCCH in case some subbands failed LBT, enhancements to CCE-to-REG interleaving mapping may be considered. For CORESET configuration option 2, case 1 PDCCH can follow Rel-15 PDCCH transmission rules, while case 2 PDCCH may need to be transmitted repeatedly over multiple LBT subbands, which may change UE’s PDCCH detection behavior. Table 1 summarizes those cases.
Table 1 Candidates of CORESET configuration and PDCCH transmission
	
	Option 1: One CORESET consists of multi-cluster with one cluster per LBT subband 
	Option 2: Multi-CORESET with one CORESET per LBT subband

	Case 1: PDCCH is transmitted within one LBT subband
	PDCCH transmission should be restricted within one LBT subband.
	Rel-15 PDCCH transmission can be reused.

	Case 2: PDCCH is transmitted over multiple LBT subbands
	Rel-15 PDCCH transmission can be reused. 
Enhancements to CCE-to-REG interleaving mapping may be considered.
	PDCCH may need to be transmitted repeatedly over multiple LBT subbands.
New PDCCH blind detection behavior may be needed.



Therefore, reuse Rel-15 CORESET configuration for NR-U wideband operation is preferred.
Proposal 2: Rel-15 CORESET configuration is flexible enough and can be reused to configure control resource on each LBT subband of one DL BWP.  
· PDSCH transmission 
For PDSCH transmission to support option 3, puncture can be considered. Figure 1 gives an example for PDSCH transmission in option 3. As shown in Figure 1, gNB plans to schedule a PDSCH in one BWP which consists of two LBT subbands, i.e., 40MHz, and the gNB can transmit the partial PDSCH on subband 1 and drop the data on subband 2 if CCA is successful only for subband 1.


Figure 1: Illustration of PDSCH transmission for option 3
In addition, CBG based transmission and retransmission is beneficial and should be supported.
On the other hand, if one UE is configured to monitor PDCCH in one active BWP with smaller bandwidth while it is scheduled to receive PDSCH in another active BWP with large bandwidth, how to perform LBT in this case should also be studied. 
Proposal 3: PDSCH puncturing with CBG based transmission can be considered for option 3. 
UL wideband operation
In RAN1 meeting #96bis, the following agreements regarding UL wideband operation were achieved:
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

Since Alt 2 can maximize frequency utilization efficiency, it should be supported if RAN4 identified it is feasible. In addition, configured grant PUSCH should also support Alt 2 if scheduled PUSCH supports the behaviour for the same UE. For PUCCH transmission, it is better to restrict one PUCCH resource within one LBT subband and not support this behaviour.
Similar as DL wideband operation, a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE and used PUSCH transmission should be contiguous.
Proposal 4: Alt. 2 should also be supported for UL wideband operation of a single carrier. 
· This applies also to configured grant PUSCH. 
· This does not apply to PUCCH.
· This subset of LBT bandwidths used PUSCH transmission should be contiguous.
Conclusions
This contribution mainly discusses wideband operation for NR-U, and the following proposals are made.
For DL wideband operation:
Proposal 1: PDSCH transmission on parts of a single active BWP where CCA is successful at gNB can be restricted within contiguous subbands. 
[bookmark: _GoBack]Proposal 2: Rel-15 CORESET configuration is flexible enough and can be reused to configure control resource on each LBT subband of one DL BWP. 
Proposal 3: PDSCH puncturing with CBG based transmission can be considered for option 3.  
For UL wideband operation:
Proposal 4: Alt. 2 should also be supported for UL wideband operation of a single carrier. 
· This applies also to configured grant PUSCH. 
· This does not apply to PUCCH.
· This subset of LBT bandwidths used PUSCH transmission should be contiguous.
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