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Introduction
In previous RAN1 Meeting, the mechanism that gNB informs to UE its LBT outcome and UL BWP options considering scheduled PUSCH bandwidth were discussed. This contribution further discusses wide-band operation of DL and UL for NR-U including above issues. 
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.
· Indication of gNB’s transmitted LBT subbands
In RAN1 meeting #96bis, three mechanisms were identified as candidate solutions on how can a UE detect gNB’s transmitted LBT subbands:
Agreement:
· Support a mechanism for a UE to detect gNB is transmitting across
· Multiple carriers 
· Multiple LBT bandwidths in a carrier. 
· The following mechanisms are to be considered:
· Option 1: Explicit indication via PDCCH
· FFS: The type of PDCCH (e.g., group common PDCCH or UE-specific PDCCH)
· FFS: Signaling details of the indication
· Option 2: Explicit indication via selection of a PDCCH DM-RS sequence from a set of PDCCH DM-RS sequences
· FFS: Details of the indication
· Option 3: Via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection
· FFS: Which signals/channels or combination of signals/channels could be used by the UE
· Note: Above options are not mutually exclusive

From UE’s perspective, the gNB’s transmitted LBT subbands can be determined by DMRS blind detection on each LBT subband and/or by gNB’s explicit signaling indication. Two kinds of UE behavior can be expected:
· Alt 1: UE is expected to receive gNB’s LBT outcome indication at the beginning of one gNB’s COT. In this case, since gNB’s transmission should start instantly after LBT is passed, and reservation duration (if any) for gNB’s each transmission is varied, there may not be enough processing time for gNB to prepare a PDCCH carrying LBT outcome information. Using PDCCH to indicate gNB’s LBT outcome at the very beginning of a gNB’s COT seems not reasonable. Explicit indication via selection of a PDCCH DMRS sequence from a set of PDCCH DMRS sequences is preferred.
· Alt 2: UE is not expected to receive gNB’s LBT outcome indication at the beginning of one gNB’s COT. In this case, UE can detect the potential scheduled PDSCH by DMRS and corresponding PDCCH detection on CORESET of the configured bandwidth. In addition, explicit LBT outcome indication via PDCCH which is not expected to be present at the beginning of one gNB’s COT can also be considered to help UE reduce PDCCH detection complexity in case the gNB’s transmitted bandwidth is less than the configured bandwidth.
Based on the above discussion, it is proposed:
Proposal 1: If UE is expected to receive gNB’s LBT outcome indication at the beginning of one gNB’s COT, the indication via selection of a PDCCH DMRS sequence from a set of PDCCH DMRS sequences is preferred; If UE is not expected to receive gNB’s LBT outcome indication at the beginning of one gNB’s COT, the indication via PDCCH is preferred. 
· Restrictions on transmission on parts of a single active BWP 
[bookmark: _GoBack]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 succeed LBT subband for PDSCH transmission.
Proposal 2: PDSCH transmission on parts of a single active BWP where CCA is successful at gNB can be restricted within contiguous subbands. 
· PDCCH configuration and transmission 
In Rel-15 NR, CORESET configuration is flexible enough and can be reused to configure resource on each LBT subband for PDCCH transmission. In addition, one PDCCH can be mapped onto different LBT subbands with low code rate in order for UE to correctly decode the PDCCH even some of the LBT subbands are failed to transmission. The PDCCH-to-CCE mapping on different LBT subbands should be unified no matter the number of the actual transmitted LBT subbands is same or less than the scheduled LBT subbands, so that the behavior of PDCCH-to-CCE de-mapping when one UE is monitoring PDCCH could be kept the same. However, the detecting frequency domain should be restricted to the actual transmitted LBT subbands in PDCCH monitoring phase if one UE is aware of the actual transmitted LBT subbands.  
Proposal 3: Rel-15 CORESET configuration is flexible enough and can be reused to configure resource on each LBT subband of one DL BWP. 
· PDSCH transmission 
For PDSCH transmission to support option 3, puncture is preferred. 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 4: PDSCH puncturing with CBG based transmission is preferred 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 5: 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: If UE is expected to receive gNB’s LBT outcome indication at the beginning of one gNB’s COT, the indication via selection of a PDCCH DMRS sequence from a set of PDCCH DMRS sequences is preferred; If UE is not expected to receive gNB’s LBT outcome indication at the beginning of one gNB’s COT, the indication via PDCCH is preferred.
Proposal 2: PDSCH transmission on parts of a single active BWP where CCA is successful at gNB can be restricted within contiguous subbands.
Proposal 3: Rel-15 CORESET configuration is flexible enough and can be reused to configure resource on each LBT subband of one DL BWP. 
Proposal 4: PDSCH puncturing with CBG based transmission is preferred for option 3. 
For UL wideband operation:
Proposal 5: 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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