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1. Introduction
This contribution is revised from [1]. Regarding the wideband operation for NR-U, some relevant agreements were achieved in previous RAN1 meetings as shown in the Appendix. In this contribution, we would like to share our views on UL wideband BWP operation as well as DL wideband operation.
2. Discussion
UL BWP operation for a wideband carrier
According to the agreements in the last meeting, there are following two alternatives for UL transmission after CCA, and at least Alt. 1 is supported. Whether to support Alt. 2 requires further discussion. 
· 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.
Compared with Alt. 1, if a PUSCH is scheduled across LBT bandwidths, Alt. 2 could achieve higher resource efficiency. However, whether Alt.2 could be applied may depend on UE capability or deployment scenario. For example, if a UE is capable of adapting filtering timely based on CCA results to send part of a scheduled PUSCH, or if the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation), the UE could be configured to transmit scheduled PUSCH by Alt.2. Otherwise, it should transmit by Alt.1. 
If Alt.2 is supported, it should be further discussed that how the gNB know the all or a subset of LBT bandwidths where UE transmits the PUSCH, e.g. whether explicit signaling is necessary to be transmitted by the UE. 
Proposal 1: For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, Alt. 2 can be supported, subject to UE capability and deployment scenario.

Subband/Carrier usage information
In last RAN1 meeting, it has been agreed to support a mechanism for a UE to detect gNB is transmitting across multiple carriers and/or multiple LBT bandwidths in a carrier. Three options have been listed up. From the viewpoint of power saving, the important thing is to stop monitoring PDCCHs corresponding to the carriers or the LBT subbands which is not being transmitted from the gNB. In that sense, explicit indication via PDCCH, i.e. option 1, provides better reliability than option 2 (explicit indication via selection of a PDCCH DM-RS sequence) and option 3 (implicit method based on NR-based signal). 
If we consider this mechanism in the other way around, the UE could start monitoring PDCCH on an unlicensed carrier after it receives the information about ongoing transmission. One typical such scenario is that the subband/carrier usage information is transmitted from a licensed carrier. However, to enable a UE to start PDCCH monitoring by using subband/carrier usage information, its’ transmission timing and contents need to be carefully considered. Basically it will be too late for the gNB to transmit the usage information for the purpose of notification on starting PDCCH monitoring after it starts to transmit the DL burst. That means the gNB may need to indicate that transmission on an unlicensed carrier is started or may be started before the gNB succeeds the LBT on that unlicensed carrier.
Observation 1: Main use case of the mechanism for a UE to detect gNB’s transmission is to stop monitoring PDCCHs corresponding to the subband(s)/carrier(s) which is not being transmitted by the gNB. For such a use case, option 1 is more reliable than the other options.
Proposal 2: Support explicit indication of subband/carrier usage via PDCCH from cross subband/carrier (i.e. option 1 in the previous agreements) to help power saving.
Proposal 3: Further discuss whether/how to use the subband/carrier usage information from cross subband/carrier, e.g. a licensed carrier, to notify the necessity of starting PDCCH monitoring related to an unlicensed subband/carrier. 

CORESET/PDCCH configuration for wideband BWP operation
A simple solution to support self-scheduling per subband is to define CORESETs per subband. In addition, the CORESET design in Rel-15 NR can also support localized discontinuous CORESET for self-scheduling per subband. In Rel-15 NR, frequency domain resources of a CORESET is indicated by bitmap format. According to TS38.213, the number of discontinuous sub-sets of RBs is up to 4 in case of wideband DMRS. Further discussion may be needed whether to increase the maximum number of discontinuous sub-sets of RBs.
Proposal 4: Both subband confined CORESET and localized discontinuous CORESET can be used to support self-scheduling per subband in NR-U.

3. Conclusion
In this contribution, we discussed wideband operation for DL and UL. The observations and proposals based on above discussion are summarized as follows,
UL BWP operation for a wideband carrier
Proposal 1: For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, Alt. 2 can be supported, subject to UE capability and deployment scenario.

Subband/Carrier usage information
Observation 1: Main use case of the mechanism for a UE to detect gNB’s transmission is to stop monitoring PDCCHs corresponding to the subband(s)/carrier(s) which is not being transmitted by the gNB. For such a use case, option 1 is more reliable than the other options.
Proposal 2: Support explicit indication of subband/carrier usage via PDCCH from cross subband/carrier (i.e. option 1 in the previous agreements) to help power saving.
Proposal 3: Further discuss whether/how to use the subband/carrier usage information from cross subband/carrier, e.g. a licensed carrier, to notify the necessity of starting PDCCH monitoring related to an unlicensed subband/carrier. 

CORESET/PDCCH configuration for wideband BWP operation
Proposal 4: Both subband confined CORESET and localized discontinuous CORESET can be used to support self-scheduling per subband in NR-U.
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Appendix
RAN1 AH 1901[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
RAN1#96bis[3]
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

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
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