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1. Introduction
In this contribution, we provide our views on the following issues for NR-U wideband operation:
· CO-related control information in time and frequency domains
· Control channel design for wideband operation
· Data channel design for wideband operation 

2. CO-related control information in time and frequency domains
In RAN1#94bis meeting [1], it was agreed that the indication of the channel occupancy structure in time domain in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR is beneficial. In RAN1#97 meeting [2], it was agreed that using GC-PDCCH to inform the UE whether carrier(s) and/or LBT subband(s) is available for downlink reception, at least for slot(s) that are not at the beginning of DL transmission burst. Based on these agreements, we see that CO-related control information including channel occupancy structure in both time domain (e.g., SFI-index and COT/SFI duration/ending) and frequency domain (e.g., available subband/carrier indication) could be conveyed in the same DCI (e.g., DCI format 2_0) and transmitted on GC-PDCCH. Moreover, PDCCH monitoring occasion indication and COT sharing information for configured grant transmission could be also considered as the CO-related control information in the same DCI.   

Proposal 1: Support the following CO-related control information to be conveyed in the same DCI and transmitted on GC-PDCCH:
· Time domain channel occupancy structure (e.g., SFI-index and COT/SFI duration/ending)
· Frequency domain channel occupancy structure (e.g., available subband/carrier information)
· PDCCH monitoring occasion indication
· COT sharing information for configured grant transmission

Current NR Rel-15 provides SFI-index per cell in DCI format 2_0. Similarly, in NR-U, CO-related control information could be also provided per cell. For frequency domain channel occupancy structure, a bitmap with length equal to the number of configured LBT subbands in a cell can be provided per cell, where each bit in the bitmap represents whether the corresponding LBT subband in the corresponding carrier is available for downlink reception. If there is only one bit is indicated for a cell, the bit represents whether the corresponding carrier is available for downlink reception.    

Proposal 2: A bitmap for indicating available subband/carrier information can be provided per cell in DCI and transmitted on GC-PDCCH 
· If more than one bits are provided for a cell, each bit represents whether the corresponding LBT subband in the corresponding carrier is available for downlink reception
· If only one bit is provided for a cell, the bit represents whether the corresponding carrier is available for downlink reception
Since an unlicensed carrier may be configured with multiple LBT subbands and LBT can be performed in unit(s) of LBT subband, COTs initiated in these LBT subbands may be acquired with different priority classes or start/end at different positions. The gNB may have different CO-related control information (e.g., COT/SFI duration/ending indication and PDCCH monitoring occasion indication) for the COTs initiated in different LBT subbands. To allow such flexibility, a straightforward way is to provide the subband-specific control information per subband per cell, as shown in the example in Figure 1. However, the signaling overhead would be directly scaled with total number of operating LBT subbands. 
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Figure 1. Example of conveying that COT-related control information using a group common DCI


An alternative to avoid such signaling overhead is providing subband-specific control information only for certain indicated LBT subband(s) in one DCI transmission, and the gNB can provide different subband-specific control information for different LBT subbands thought separate DCI transmissions. For example, when the gNB occupies channels in a set of LBT subbands using the LBT procedure at the same time, the gNB can transmit a DCI conveying subband-specific control information for the COT initiated in the set of LBT subbands. To indicate which LBT subband(s) should apply the subband-specific control information, available subband/ carrier information could be adopted. For example, as shown in Figure 2, a UE may receive a DCI transmitted on GC-PDCCI that indicates both common and subband-specific control information for each cell. Then, for each cell, the UE can assume that the LBT subbands indicated by available subband/carrier information (e.g., a bitmap) are occupied by the gNB, and the received subband-specific control information shall be applied to the COT initiated in the indicated LBT subbands.
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Figure 2. Example of conveying that COT-related control information using a group common DCI

Proposal 3: Some control information, e.g., COT/SFI duration/ending indication and PDCCH monitoring occasion indication, should be considered to be subband-specific.
Proposal 4: To convey subband-specific control information in group-common DCI, two following options can be considered:
· Option 1: Subband-specific control information is provided per subband per cell
· Option 2: Subband-specific control information is provided for certain subband(s) per cell, where the certain subband(s) can be indicated by available subband/carrier information

3. Control channel design for wideband operation 
3.1  CORESET configuration
Due to the uncertainty of LBT, if a PDCCH is transmitted on a CORESET spanning multiple LBT subbands, the UE may not correctly detect the PDCCH candidates due to partial puncturing. To avoid such undesired transmission, in previous meeting, two approaches have been discussed:
· Alt 1: A CORESET is confined within one LBT subband
· Maximum number of CORESETs per BWP is increased to [5]
· Alt 2: A CORESET can be confined within more than one LBT subbands
· PDCCH candidate configured to be confined within a LBT subband
Considering specification and implementation impacts, we should reuse CORESET/PDCCH structure defined in NR Rel-15 as much as possible. Compared with Alt 1, Alt 2 requires to modify the CCE/REG mapping and/or search space hashing operation considering each LBT subband, which results in additional much larger specification and implementation impacts. In addition, in previous meeting, there was an agreement in MIMO agenda to increase maximum number of CORESETs to [5], and we could utilize this aspects not only for multi-TRP operation but also for NR-U wideband operation. If there is an enough number of CORESETs per BWP to confine a CORESET within each LBT subband, it is desirable to use Alt 1 because it is a straightforward way to deal with wideband operation.
However, since the purpose of increasing the maximum number of CORESETs per BWP for NR-U operation is different from the purpose for multi-TRP operation. To reduce implementation complexity, some properties of multiple CORESETs across different LBT subbands could be restricted to be the same, e.g., TCI state configurations. Meanwhile, from the UE’s perspective, the requirements in PDCCH processing and decoding capabilities are not increased compared to NR Rel-15.

Proposal 5: NR-U CORESET configuration is confined within one LBT subband.
Proposal 6: Increase the maximum number of CORESETs per BWP to 5 as agreed in MIMO agenda.
· Further study how to reduce the implementation complexity
· The requirements in PDCCH processing and decoding capabilities are not increased compared to NR Rel-15

3.2  Frequency domain resource allocation for interlaced PUCCH
For PUCCH design in wideband operation, we have the same view as CORESET configuration. A PUCCH resource should be restricted within one LBT subband to avoid partial puncturing due to the uncertainty of LBT. 
Proposal 7: An NR-U PUCCH resource is confined within one LBT subband.

[bookmark: _GoBack]In NR-U, for a 20 MHz carrier bandwidth, it was agreed that NR Rel-15 PUCCH formats PF0, PF1, PF2, and PF3 are enhanced to support mapping to physical resources of at least one full interlace. To allocate frequency domain physical resources for an interlaced PUCCH, NR Rel-15 PUCCH resource and format configurations could be reused but with different interpretation:
· Re-interpret starting PRB index (startingPRB) configured in a PUCCH resource configuration as starting interlace index
· Re-interpret number of contiguous allocated PRBs (nrofPRBs) configured in a PUCCH format configuration (PF2 and PF3) as number of contiguous allocated interlaces
For a carrier (or a BWP) configured with more than one LBT subbands, an additional field (e.g., subbandAllocation) should be included in a PUCCH resource configuration for allocating one of the LBT subbands for the PUCCH resource. Then, the UE can determine actual accolated PRBs for the PUCCH resource as an intersection of the allocated interlaces and the allocated LBT subband, as shown in the example in Figure 3.


Figure 3. Example of frequency domain resource allocation for a PUCCH transmission

Proposal 8: Frequency domain resource allocation for a PUCCH transmission can be configured/determined as an intersection of the two following parts:
· Allocation of interlaces(s) by re-interpreting startingPRB in NR Rel-15 PUCCH resource configuration and nrofPRBs in NR Rel-15 PUCCH format configuration
· Allocation of a LBT subband by introducing a new field in a PUCCH resource configuration 

In order to increase the probability for a UCI report as it will be subject to LBT before transmission, we see that providing a set of frequency domain candidate resources distributed in different LBT subbands for the UCI report would be beneficial. The UE can perform LBT for each frequency domain candidate resource in each LBT subband, and selects one available candidate resource to transmit UCI payload. To achieve that, as the example shown in Figure 4, the additional field (e.g., subbandAllocation) included in a PUCCH resource configuration for LBT subband allocation can be directly adopted to allocate multiple LBT subbands for the PUCCH resource, where each allocated LBT subband has a corresponding frequency domain candidate resource. Since these candidate resources are configured with the same PUCCH format, it can avoid efforts that the different PUCCH formats for a UCI report shall be prepared by the UE or detected by the gNB.
Proposal 9: Configuration of more than one frequency domain candidate resources distributed in different LBT subbands for a PUCCH transmission should be supported in NR-U.




Figure 4. Example of frequency domain resource allocation for a PUCCH transmission
4. Data channel design for wideband operation 
4.1  PUSCH
In RAN1#96bis meeting, the following agreement was made for UL wideband operation:
Agreement RAN1#96bis:
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

Compared to Alt 1, we see that Alt 2 requires more UE implementation complexity including not only re-encoding or puncturing but also adapting baseband filtering. From gNB’s perspective, Alt 2 requires a means for gNB to blindly detect the actual transmitted bandwidth of PUSCH based on DMRS if only some of LBT subbands are available. However, DMRS based blind detection is not sufficiently reliable especially in unlicensed bands. Moreover, usually, HARQ retransmission of a whole TB is still necessary for a PUSCH transmission that is punctured in frequency domain if no enhancement to code block mapping rule used in NR Rel-15. By taking account the above aspects, Alt 2 seems not feasible for UL wideband operation in NR-U.
Proposal 10: For uplink wideband operation, Alt 2 is not considered for Rel-16.


5. Conclusion
In summary, we have the following proposals:
Proposal 1: Support the following CO-related control information to be conveyed in the same DCI and transmitted on GC-PDCCH:
· Time domain channel occupancy structure (e.g., SFI-index and COT/SFI duration/ending)
· Frequency domain channel occupancy structure (e.g., available subband/carrier information)
· PDCCH monitoring occasion indication
· COT sharing information for configured grant transmission

Proposal 2: A bitmap for indicating available subband/carrier information can be provided per cell in DCI and transmitted on GC-PDCCH 
· If more than one bits are provided for a cell, each bit represents whether the corresponding LBT subband in the corresponding carrier is available for downlink reception
· If only one bit is provided for a cell, the bit represents whether the corresponding carrier is available for downlink reception

Proposal 3: Some control information, e.g., COT/SFI duration/ending indication and PDCCH monitoring occasion indication, should be considered to be subband-specific.
Proposal 4: To convey subband-specific control information in group-common DCI, two following options can be considered:
· Option 1: Subband-specific control information is provided per subband per cell
· Option 2: Subband-specific control information is provided for certain subband(s) per cell, where the certain subband(s) can be indicated by available subband/carrier information
Proposal 5: NR-U CORESET configuration is confined within one LBT subband.
Proposal 6: Increase the maximum number of CORESETs per BWP to 5 as agreed in MIMO agenda.
· Further study how to reduce the implementation complexity
· The requirements in PDCCH processing and decoding capabilities are not increased compared to NR Rel-15
Proposal 7: An NR-U PUCCH resource is confined within one LBT subband.
Proposal 8: Frequency domain resource allocation for a PUCCH transmission can be configured/determined as an intersection of the two following parts:
· Allocation of interlaces(s) by re-interpreting startingPRB for each PUCCH resource and nrofPRBs configured for each PUCCH format
· Allocation of a LBT subband by introducing a new field in a PUCCH resource configuration 
Proposal 9: Allocation of more than one frequency domain candidate resources distributed in different LBT subbands for a PUCCH transmission should be supported in NR-U.
Proposal 10: For uplink wideband operation, Alt 2 is not considered for Rel-16.
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