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1 Introduction

In RAN#82 plenary meeting, a WI on NR-U [1] was approved. Further in the last RAN1 Ad-Hoc meeting, the following agreements were made for wideband operation [2]:
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 the RAN1 96th meeting, the mechanism to inform UE of gNB’s LBT outcome and UL BWP options considering scheduled PUSCH BW were discussed, but no consensus was achieved. In this contribution, we present the discussion on the wideband operation for NR-U.
2 Discussion
PUSCH transmission
In a gNB initiated COT, gNB can indicate UE to perform cat1 or cat 2 LBT before UL transmission, so the UE have high opportunity to access the channel and perform UL transmission on indicated LBT subband. However, for a scheduled UL transmission in a UE initiated COT, gNB does not know which LBT subband(s) pass the LBT before it sends the scheduling grant, the following alternatives have be considered to handle this issue:

· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· Alt. 2: 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.
Obviously, Alt 2 has the advantage of improved spectrum efficiency. The scheduled UE can simply puncture the transmission on the scheduled LBT subband that fails the LBT. However, when the percentage of the scheduled resource that fails LBT is large, gNB can hardly decoding the PUSCH. Thus, it is suggested to inform UE of a threshold representing the percentage of the available/failed resource. UE can choose to drop the whole transmission (Alt 1) or perform the punctured transmission (Alt 2) depending on the LBT outcome.
Proposal 1: For the PUSCH transmission, UE choose to adopt Alt 1 or Alt 2 subject to the LBT outcome.
DL control
It is agreed to support the DL transmission on part or whole bandwidth with one active BWP for single carrier wideband operation. As the actual available frequency resource for DL transmission is subject to the LBT, gNB may not have enough time to prepare the DL grant as well as the DL data transmission based on the LBT outcome.

In Rel-15 NR design, the CORESET and associated SS are RRC configured to the UE per BWP. The CORESET could be non-contiguous in frequency domain within a BWP. Considering the wideband operation in unlicensed band, part of a PDCCH transmission can be blocked due to the LBT failure in some LBT subband which have impact on the reception of the PDCCH. The following two alternative can be considered to handle this issue.

1) Confine a CORESET in a LBT subband

In this alternative, a CORESET is confined in a LBT subband. As it is unpredictable which LBT subband could pass the LBT, the CORESET may need to be configured in each LBT subband. However, there is a limit on the maximum number of configured BWPs within a BWP. In order to resolve this issue, more CORESETs need to be allowed within a BWP.
2)      New PDCCH mapping mechanism
In this alternative, a CORESET can span on different LBT subband. However, new PDCCH mapping mechanism can be introduced to make sure a PDCCH transmission is confined within a LBT subband.

Proposal 2: Further study new PDCCH mapping mechanism that confines a PDCCH transmission within a LBT subband.
DL data transmission

gNB may not have enough time to change the TB size as well as the resource mapping for a PDSCH based on the LBT outcome, the following alternative can be considered

1) Puncture the data transmission

In this alternative, a scheduled PDSCH transmission can span on multiple LBT subband. gNB simply puncture the data transmission on the resource that fails the LBT.
2) Confine the data transmission in a LBT subband
In this alternative, the first DL transmission for a UE is confined within a LBT subband. Later on, gNB can have full flexibility on scheduling based on the LBT outcomes

3) Prepare multiple TBs

In this alternative, multiple data portion are prepared at gNB side, gNB decide the actual transmission based on the LBT outcome.

In our understanding, this issue only happens for the first transmission and HARQ mechanism can be used to guarantee the data reception. Thus, it is preferred to support the puncturing method.
Proposal 3: For the DL transmission, gNB punctures the data transmission on the frequency resource that fails LBT.
Another issue that is discussed in the past meeting is whether and how to support a mechanism to inform UE of the gNB’s wideband LBT outcome. The observed benefit of supporting this includes the power saving aspect where UE can avoid PDCCH monitoring on the gNB’s LBT subband that fails LBT and RF aspect where UE can adjust its RF subjects to the gNB’s LBT outcome. Many solutions have been proposed [3]:
· Option 1: Explicit indication via PDCCH
The PDCCH here could be group common PDCCH. The PDCCH transmission may need to be confined in one LBT subband or in each LBT subband and contains the indication on the LBT subbands that pass the LBT.
· Option 2: Explicit indication via DM-RS
Basically, UE can get the gNB’s LBT outcome based on the DM-RS detection. The DM-RS design itself need to be modified to convey more information such as the DM-RS sequence or resources to carry DM-RS. However, this option may have influence on the DM-RS detection performance.
· Option 3: DM-RS detection per each LBT bandwidth and/or corresponding PDCCH detection, without explicit indication
UE determines the availability of a LBT subband by detecting the DM-RS transmission in each LBT subband. The PDCCH transmission can be transmitted on one or each LBT subband that contains DM-RS transmission to confirm the LBT outcomes. 
· Option 4: DMRS detection on one or more LBT bandwidths and/or corresponding PDCCH detection, without explicit indication
This option is similar to option 4 except that the DM-RS detection is confined in one or more LBT subband.

Proposal 4: The gNB’s LBT outcomes is conveyed to the UE by explicit indication via GC-PDCCH. 

3 Conclusions

In this contribution, we present the discussion on the wideband operation for NR-U. Based on our analysis, we have the following proposals:
Proposal 1: For the PUSCH transmission, UE choose to adopt Alt 1 or Alt 2 subject to the LBT outcome.
Proposal 2: Further study new PDCCH mapping mechanism that confines a PDCCH transmission within a LBT subband.
Proposal 3: For the DL transmission, gNB punctures the data transmission on the frequency resource that fails LBT.
Proposal 4: The gNB’s LBT outcomes is conveyed to the UE by explicit indication via GC-PDCCH. 
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