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Introduction
In RAN1 Ad-Hoc 1901 meeting, the following agreements were drawn on NR-U wideband operation [1]:
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 this contribution, we provide our view on several issues related to wideband operation in NR-U.

Discussion
Transmission bandwidth adaptation within a COT
In NR-U wideband operation, gNB performs LBT per subband and transmits a DL burst on all or a part of the successful (contiguous) LBT subbands. Once the Tx bandwidth is determined in the beginning of the DL burst, then it cannot be changed (at least cannot be increased) during the whole DL burst duration. On the other hand, in the study item phase, it was agreed that NR-U supports single and multiple DL-to-UL and UL-to-DL switching points within a shared gNB COT. This feature would be generally supported irrespective of the BWP size. When gNB allocates a UL duration in the middle of a COT, the gNB can perform LBT as well as receiving UL signals in the UL duration. Therefore, when the BWP consists of multiple LBT subbands, depending on the LBT outcome, Tx bandwidth can be adjusted in the next DL burst transmission. If the LBT passes in additional subband(s), the Tx bandwidth can be expanded in the middle of a COT as shown in Fig. 1(a), and may be reduced in the opposite case as shown in Fig. 1(b). To improve the NR-U network and UPT performance, this functionality is considered to be essential for NR-U wideband operation.
Proposal 1: Tx bandwidth adaptation in the middle of a COT is discussed as a part of NR-U wideband operation.



Fig. 1. Tx bandwidth adaptation in the middle of a COT: (a) bandwidth expansion, (b) bandwidth reduction

PDCCH
Due to uncertainty of per-subband LBT outcome, it is beneficial in NR-U that each PDCCH candidate is configured within a LBT subband. There are two approaches to enable this:
· Alt. 1: CORESET configured to be confined within a LBT subband
· Alt. 2: PDCCH candidate configured to be configured within a LBT subband
In our view, whereas the two alternatives achieve the same goal, additional benefit from Alt. 2 is not clear at this moment. Alt. 1 is much simpler because it only needs to increase the maximum allowed number of CORESETs per BWP. To minimize the impact on UE capability due to increased number of CORESETs, some restriction can be applied in CORESET configuration. For example, CORESETs in different LBT subbands can share some parameters. Basically, every CORESET configuration parameter except the frequency domain resource allocation can be considered as a candidate to be shared by LBT subbands. This may also reduce the RRC signalling overhead depending on RRC parameter design. Such restriction eventually makes Alt. 1 similar to Alt. 2, but a key difference is that Alt. 1 can totally reuse the PDCCH mapping rule of Rel-15 NR.
Proposal 2: In NR-U, a CORESET is configured to be confined within a LBT subband.

COT indication in frequency domain
In NR-U wideband operation, UE needs to detect the Tx bandwidth, or occupied bandwidth in the beginning of a DL burst. If UE misses some LBT subband(s) and gNB transmits PDCCH containing DL/UL grant or other control information through the LBT subband(s), then the UE may get nothing from the DL burst. Therefore, the delivery of the Tx bandwidth information should sufficiently be reliable. In this perspective, among the options being discussed, explicit indication via PDCCH or GC-PDCCH is the most suitable approach. Since the Tx bandwidth should be broadcast to UEs in the serving cell, the GC-PDCCH (including the COT structure indication) should be the baseline.
Implicit indication of the Tx bandwidth, e.g., via DM-RS or initial signal, is also a feasible approach. However, it requires UE to monitor every LBT subband. This is contrary to the case of explicit signalling. Since the explicit signalling can be transmitted only in a part of subbands (e.g., one subband), UE may stop monitoring if the GC-PDCCH is successfully received before visiting all the LBT subbands.
Proposal 3: Tx bandwidth information is delivered to UE based on GC-PDCCH [as a part of a COT structure indication].

UL BWP operation
In RAN1 #96, options for UL BWP operation were revised by considering aspects of partial UL scheduling as:
· 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.
· [bookmark: _GoBack]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.
Although there was no clear consensus on these new options, they seem applicable at least for dynamic grant PUSCH and can be a starting point for discussion. One benefit of Alt. 2 is better spectrum efficiency. If only Alt. 1 is supported, all the subbands become idle in the whole PUSCH duration if the LBT fails at least at one subband. In the case of configured grant PUSCH, this would continually happen for consecutive CG resources. Consequently, as well as the UL throughput decreases, other device may occupy the subbands during the idle time. Similar discussion is also being done in DL for partial slot PDSCH, but one difference is that in there, there are other alternatives which can guarantee the DL throughput performance since both the LBT and the scheduling is performed by the same node, i.e., gNB.
To appreciate the aforementioned benefit of Alt. 2, CBG-based retransmission should be applied to recover the punctured data, and PDSCH RE mapping rule may be revisited to help at least some CBs can be successfully decoded for partial subband PUSCH. Regarding PUCCH, it is preferred to wait more progress on its design, .e.g., interlace design for PUCCH for bandwidths greater than 20 MHz.
Proposal 4: For NR-U UL BWP operation, 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.

Conclusion
In this contribution, we discuss issues regarding NR-U wideband operation, from which the following proposals are drawn:
Proposal 1: Tx bandwidth adaptation in the middle of a COT is discussed as a part of NR-U wideband operation.
Proposal 2: In NR-U, a CORESET is configured to be confined within a LBT subband.
Proposal 3: Tx bandwidth information is delivered to UE based on GC-PDCCH [as a part of a COT structure indication].
Proposal 4: For NR-U UL BWP operation, 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.
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