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1. Introduction
At the RAN1 #97 meeting, wide-band operation for NR-U was discussed and following agreements were made [1]. 
	Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “Wideband operations for NR-U” agenda was endorsed [2].
	7.2.2.2.5 Wideband operations
Essential
· Coreset for wideband (multiple coresets with one or more per LBT subband or multi-cluster coreset with one cluster per subband)
Optimizations
· If PUSCH Alt 2 is also supported



In this contribution, we discuss further on the wideband operation for NR-U. 
2. UL wide-band operation in NR-U
At the RAN1#96bis meeting, RAN1 made an agreement which has following alternatives related to UL wide-band operation and at least support Alt. 1.
· 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

If partial interlace allocation within a wide UL active BWP is supported, UL traffic i.e., multiple UL transmissions from different UEs can be distributed across LBT sub-bands within the wide BWP. Assuming such operation, the necessity of wideband operation with Alt. 2 for UL would be smaller than that for DL. Therefore, we propose to deprioritize support of Alt. 2 for UL wideband operation in Rel-16 regardless of RAN 4 reactions regarding Alt. 2 operation. Additionally, Alt. 2 operation isn’t applied for configured grant PUSCH and PUCCH in Rel-16 NR-U.
Proposal 1: For UL wideband operation in NR-U, the operation in which UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE is deprioritized in Rel-16.


1. 
2. 
3. Mechanism to identify gNB transmission sub-band(s) for UE
As introduced in Section 1, RAN1 made agreements regarding explicit indication of available (or unavailable) carriers/LBT bandwidths by using GC-PDCCH. Details on signaling are discussed and proposed in our companion contribution [3]. Here we discuss on how to identify gNB’s transmission LBT bandwidths at UE for the beginning of DL transmission burst.
First, there are two types of wideband operations as below. In case 1 operation, it is not necessary for UE to identify gNB’s transmission LBT bandwidths. Therefore, following discussion is for case 2 operation. 
· Case 1 (Option 2 in previous agreement): Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on whole of single active BWP when CCA is successful for all LBT bandwidths within the active BWP at gNB
· Case 2 (Option 3 in previous agreement): Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful at gNB
For the explicit indication mechanism, gNB needs to send appropriate contents via GC-PDCCH according to LBT results. So, at the beginning of DL transmission burst, it may not be feasible to send GC-PDCCH with appropriate channel occupancy frequency domain structure indication at least for some gNB. The identification of channel occupancy frequency domain structure at the beginning of DL transmission burst should be based on the detection of DL signal and/or channel at the UE. For PDCCH/GC-PDCCH detection, UE should anyway perform PDCCH blind detection on every LBT bandwidth assuming multiple CORESETs confined within each LBT bandwidth are configured and associated with search space configuration for mini-slot based monitoring. For PDSCH/PUSCH resource allocation, UE can just follow resource allocation indication in DCI. gNB capable of changing DCI contents dynamically according to LBT outcome can allocate PDSCH/PUSCH resource from PDCCH in one LBT bandwidth to multiple available LBT bandwidths. gNB not capable of changing DCI contents dynamically according to LBT outcome can allocate PDSCH/PUSCH resource from PDCCH in one LBT bandwidth to the same LBT bandwidth. Therefore, no special handling would be necessary to identify gNB’s transmission LBT bandwidths at UE for the beginning of DL transmission burst.
Proposal 2: In case of wideband operation case 2 where gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful, UE performs blind detection of PDCCH and/or DMRS on every LBT bandwidth according to CORESET/search space configurations.


4. CORESET/PDCCH configuration for wide-band operation
Regarding CORESET for wideband operation, following two alternatives have been identified.
· Alt.1: multiple CORESETs with one or more per LBT bandwidth
· Alt.2: multi-cluster CORESET with one cluster per LBT bandwidth
At the beginning of DL transmission burst, PDCCH transmission would need to be performed immediately after LBT which determines available LBT bandwidth(s). Therefore, preparing PDCCH(s) confined within each LBT bandwidth may be the simplest approach. If multiple CORESETs are configured and each CORESET is confined within a LBT bandwidth, PDCCH transmission is also confined within the LBT bandwidth according to current CCE-to-REG mapping rule. However, if one CORESET with multiple clusters are configured and each cluster is confined within a LBT bandwidth, PDCCH transmission may not be confined within one LBT bandwidth. Therefore, considering specification impact to define new CCE-to-REG mapping rule and/or hashing operation for Alt.2, Alt.1 seems preferable.
Although multiple CORESETs for different LBT bandwidth should be possible, i.e., maximum number of configured CORESETs per BWP can be increased to [5], it is not necessary for wideband operation that each CORESET can have different properties such as different TCI state, duration, etc. On the other hand, for multi-TRP operation discussed in eMIMO WI, multiple CORESETs with different properties would be necessary. Therefore, one possible way is to define UE capability signaling regarding maximum number of CORESETs with different properties per BWP so that UE is not expected to be configured with larger number of CORESETs with different properties than the reported value. In addition, UE can also report its capability on support of wideband operation case 2 and UE supporting wideband operation case 2 should support up to [5] CORESETs per BWP.
Proposal 3: Rel-16 UE reports its capability regarding maximum number of CORESETs with different properties per BWP.
· UE is not expected to be configured with larger number of CORESETs with different properties than the reported value.
· UE capability on support of wideband operation case 2 can also be reported, and UE supporting wideband operation case 2 shall support up to [5] CORESETs per BWP.

Regarding the association between search space configuration and CORESET configuration, following alternatives can be considered.
· Alt.1: A search space configuration indicates an associated CORESET ID as in Rel-15, and multiple search spaces are configured for wideband operation with multiple CORESETs.
· Alt.2: Multiple CORESETs sharing same properties (except for frequencyDomainResources) are configured as one “CORESET group”, and a search space configuration can indicate either an associated CORESET ID or CORESET group ID.
· Alt.3: A search space configuration can indicate one or multiple associated CORESET IDs.
Alt.1 is based on Rel-15 rule on association between search space and CORESET. In this alternative, number of search space configurations per BWP would be large, e.g., for two different monitoring periodicities and five CORESETs (LBT bandwidths), 10 search space configurations may be necessary. In Rel-15, maximum number of search space configurations per BWP is 10. So it would need to be increased.
Alt.2 and Alt.3 are signaling optimizations. In these alternatives, number of search space configurations per BWP can be saved compared with Alt.1. However, these alternatives have larger signaling impact.
We think Alt.1 is preferable in terms of specification impacts.
Proposal 4: According to Rel-15 association rule, search space configuration indicates an associated CORESET ID for wideband operation.
· Maximum number of search space configurations per BWP would need to be increased.

For wideband operation Case 2, multiple CORESETs with one or more per LBT bandwidth need to be configured. On the other hand, for wideband operation Case 1, single CORESET spanning multiple LBT bandwidths can be configured. Therefore, it may be possible for UE to identify gNB’s wideband operation type based on CORESET configurations. Anyway, UE should perform blind detection of PDCCH and/or DMRS on every CORESET.
Proposal 5: Even in case of wideband operation case 1, UE performs blind detection of PDCCH and/or DMRS on CORESET.


5. Conclusion
In this contribution, we discussed on the wideband operation for NR-U. Based on the discussion, we made following proposals.
Proposal 1: For UL wideband operation in NR-U, the operation in which UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE is deprioritized in Rel-16.
Proposal 2: In case of wideband operation case 2 where gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful, UE performs blind detection of PDCCH and/or DMRS on every LBT bandwidth according to CORESET/search space configurations.
Proposal 3: Rel-16 UE reports its capability regarding maximum number of CORESETs with different properties per BWP.
· UE is not expected to be configured with larger number of CORESETs with different properties than the reported value.
· UE capability on support of wideband operation case 2 can also be reported, and UE supporting wideband operation case 2 shall support up to [5] CORESETs per BWP.
Proposal 4: According to Rel-15 association rule, search space configuration indicates an associated CORESET ID for wideband operation.
· Maximum number of search space configurations per BWP would need to be increased.
Proposal 5: Even in case of wideband operation case 1, UE performs blind detection of PDCCH and/or DMRS on CORESET.
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