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Introduction
In RAN1 Ad-Hoc Meeting 1901, the following agreements for NR-U wideband operation were achieved and it was concluded that LBT for wideband operation should be discussed in channel access section:
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

R1-1901446	[DRAFT] Reply to reply LS on wideband carrier operation for NR-U	LG Electronics
Final LS is agreed with the following changes in R1-1901460
· Include RAN WG2 in the “To” field
· Add an action to RAN WG2: “RAN1 respectfully asks RAN2 to take the above RAN1 agreements into account in their further work”
· Delete the corresponding statement requesting action from RAN2 above in the main body.
· Modify a statement in the main body as follows: “RAN1 respectfully asks RAN4 for a response to FFS parts in the above agreement, in addition to any pending input to questions as requested in [1] not yet answered.”

In RAN1 Meeting #96, the mechanism that gNB informs to UE its LBT outcome and UL BWP options considering scheduled PUSCH bandwidth were discussed but no consensus was reached. This contribution mainly discusses wide-band operation of DL and UL for NR-U including above issues. 
DL wideband operation
In previous RAN1 meeting, 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
According to previous meeting, one FFS point is whether/how to indicate gNB’s transmitted LBT subbands. From gNB perspective, it takes some processing time for gNB to prepare a PDCCH, but transmission should happen instantly after LBT is passed and reservation signal duration (if any) for each gNB’s COT should be varied, there may be not enough time for gNB to prepare the corresponding PDCCH. Using DCI to indicate gNB’s transmitted LBT subbands at the beginning of a gNB’s COT seems not reasonable. 
Therefore, it is preferred to use different DMRS sequences to indicate the actual transmitted LBT subbands. From UE perspective, one UE can try to detect the presence of one of the DMRSs, and determine the beginning of one gNB’s COT as well as the transmitted LBT subbands.
Proposal 1: gNB’s transmitted LBT subbands can be indicated through different DMRS sequences. 
· 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 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: Reuse R-15 CORESET configuration and the PDCCH-to-CCE mapping on different LBT subbands should be unified no matter the number of actual transmitted LBT subbands is same or less than the scheduled LBT subbands. 
· 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. 
Proposal 4: PDSCH puncturing with CBG based transmission is preferred for option 3. 
UL wideband operation
· Wide-band operation for multiple carriers 
UL wide-band operation can also be supported by carrier aggregation with each carrier of 20MHz bandwidth as in LTE-LAA. And for similar reasons, wide-band operation for a single carrier should also be supported in addition to CA deployment for NR-U UL. 
· Wide-band operation for a single carrier
According to discussion in previous meeting, for wideband operation in UL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz, for the case where UE performs CCA before UL transmission, narrow-down between
· Alt. 1: Multiple BWPs can be configured, single BWP activated, UE transmits the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· Alt. 2: Multiple BWPs can be configured, single BWP activated, UE transmits whole or part of the PUSCH only over the LBT sub-bands where CCA is successful at UE, among all of LBT sub-bands which include the scheduled PUSCH.
Alt 1 should be supported since the CCA is successful for all the LBT subbands scheduled for PUSCH transmission. Alt 2 should also be considered to maximize frequency utilization efficiency. On the other hand, since multiple users may be FDMed in one uplink slot, the impact of losing UL transmission opportunity for one UE may not be that severe. However, Alt 2 should be supported at least for the case that HARQ-ACK piggybacked on PUSCH, considering the higher transmission priority of control information.
Proposal 5: Both Alt. 1 and Alt. 2 should be supported for UL wideband operation for a single carrier. 
Conclusions
This contribution mainly discusses wideband operation for NR-U, and the following proposals are made.
For DL wideband operation:
Proposal 1: gNB’s transmitted LBT subbands can be indicated through different DMRS sequences.
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: Reuse R-15 CORESET configuration and the PDCCH-to-CCE mapping on different LBT subbands should be unified no matter the number of actual transmitted LBT subbands is same or less than the scheduled LBT subbands. 
Proposal 4: PDSCH puncturing with CBG based transmission is preferred for option 3. 
For UL wideband operation:
Proposal 5: Both Alt. 1 and Alt. 2 should be supported for UL wideband operation for a single carrier. 
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