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Introduction
In this paper, we discuss wideband operation, including topics of COT indication in frequency domain, relationship between PDCCH and LBT bandwidth, and PDSCH transmission in case that partial BWP has passed LBT.
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COT structure indication in frequency domain
As agreed for DL, gNB should be allowed to grab the partial wideband channel that is clear from channel assessment even if the whole wideband is configured as one BWP. In other words, it may happen that gNB does not gain access on some portion of UE’s active BWP due to LBT failure over those portions, but gNB still proceeds for DL transmission over the acquired part. In such case, it is beneficial for the UE to know which part of the active BWP that gNB has failed gaining control, such that UE can skip the PDCCH/PDSCH over those portions. On the other hand, for semi-static configured UL transmission such as PRACH, configured grant type-1 within gNB’s COT, it is also important for UE to know which 20MHz LBT sub-band(s) of the active BWP are allowed.
In the previous meeting, RAN1#96bis, it has been agreed that the spec will support a mechanism for a UE to recognize the gNB’s LBT outcome, with the following options to be down-selected:
	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




Comparing the above three options, explicit signalling in Option 1 and Option 2 can achieve better flexibility than implicit signalling in Option 3, because it gives more freedom for gNB to control UE’s reception and transmission. Further comparing between Option 1 and Option 2, Option 1 is much more robust because Option 2 only relies on sequence detection without protection of channel coding including CRC. In addition, Option 1 is more aligned with the COT indication design for time domain. If COT structure information (time domain) is carried by group-common PDCCH, it is a natural choice to also include the frequency domain occupancy information. Please see our companion paper [1] for more discussion on COT indication signalling design and COT structure information in time domain.
Therefore, in wideband operation, the COT structure should include 2-dimension information, time and frequency. Or more precisely, the original meaning of COT structure (as its name suggested) should be associated with a frequency domain applicable range, where the granularity can be per 20MHz LBT sub-band. One example is given in the figure below, where the active BWP has 80 MHz but #4 20 MHz sub-band has failed LBT. As a result, the time domain slot format is associated with the applicable frequency range of 60 MHz consisting of sub-bands #1,#2, and #3. Thanks to this information, UE need not monitor/receive any PDCCH/PDSCH over the #4 sub-band.     
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As CWS may be maintained per carrier or per LBT bandwidth, it could happen that the availability of carriers or LBT bandwidths are not aligned in time. One possible way is that, when gNB intends to initiate COT over multiple carriers or LBT bandwidths, the largest CWS among all carriers or LBT bandwidths is used to align the starting position. However, this may not be so efficient from the resource utilization point of view. If COT indication including frequency domain occupancy can be dynamically updated within the COT, it is then possible to increase the occupied carriers or LBT bandwidths more dynamically within the same COT. The benefits and mechanisms can be further studied.  
To summarize, we have the following proposal.
Proposal 1: For wideband operation, in addition to time domain structure defining DL, UL and Flexible symbols, COT structure defines in frequency domain which LBT sub-band(s) are accessible to the UE.

PDCCH transmission 
For the PDCCH transmission in single wideband carrier with bandwidth larger than 20 MHz, the following methods have been suggested by companies so far:
· Method 1: CORESET configured to be confined within a LBT sub-band
· Note that this could require to increase the number of CORESETs that can be configured for a UE in a BWP
· Method 2: PDCCH candidate configured to be confined within a LBT sub-band
· Note that this allows CORESET configured to be wider than a LBT sub-band, but it may require new CCE/REG mapping/bundling rule and/or modification of PDCCH hashing operation
Comparing the above two methods, we think method 1 is simpler and requires less standardization effort. The number of CORESETs that can be configured for a UE in method 1 can be similar to that in carrier aggregation case, i.e. to treat each LBT sub-band as one CC when deciding the number of CORESETs allowed.
Proposal 2: For NR-U single wideband carrier operation, each CORESET is confined within a LBT sub-band. FFS: the number of CORESETs that can be configured to a UE.

PDSCH transmission 
For PDSCH transmission in wideband operation, in order to cope with the situation where a certain LBT sub-band within the UE active BWP fails the CCA, some options have identified:
· Option 1: Each PDSCH is contained within a LBT sub-band.
· Option 2: PDSCH can be spanned over multiple LBT sub-bands and the part of PDSCH is punctured if some of LBT sub-bands including PDSCH are not transmitted due to LBT failure at gNB
· Option 3: gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome
Option 1 is already feasible for Rel-15 by the scheduling implementation, as long as different PDSCHs in different LBT sub-bands are intended for different UE. However, it is still an open design whether to allow multiple PDSCH prepared for the same UE, each located in a different LBT sub-band. Further studies are needed. Even it is adopted eventually, restricting each PDSCH within one 20 MHz sub-band is not so efficient in terms of control signalling overhead. Therefore, it is very important to allow one PDSCH to span multiple 20 MHz sub-bands in wideband operation if those 20 MHz sub-bands are clear from CCA. Option 1, if supported, should be limited to the initial (sub-)slot of the COT. Once the COT structure information including the available BW, as mentioned in Section 2, is indicated to the UE, PDSCH should be allowed to span multiple free LBT sub-bands.
Option 3 is a kind of generalized version of Option 1, in the sense that multiple versions of PDSCH are prepared with the hope that one of it could match the LBT outcome. However, since the number of combination of failed and successful sub-bands could become high, it may be a burden for gNB to prepare PDSCH accounting for all possible outcomes of LBT. Therefore, it could be left as an implementation choice of gNB.
On the other hand, Option 2 does not require too much effort for the gNB, since one PDSCH (for one UE) is prepared without considering the LBT outcome. To reduce the negative impact of puncturing as much as possible, when preparing PDSCH, the frequency-first mapping is performed within one 20 MHz LBT sub-band, followed by time domain, then across different LBT sub-bands. With such mapping, the damage due to the puncturing of PDSCH over a certain LBT sub-band could be limited to one CBG, which can be recovered by CBG retransmission. Furthermore, in order for the UE to be aware of the puncturing, which LBT sub-bands are clear or blocked out of CCA should be indicated to the UE, which can be done by COT structure indication, as mentioned in Section 2. 
Therefore, we propose to support both all options.
Proposal 3: Support the following options for PDSCH transmission in wideband operation:
· Each PDSCH is contained within a LBT sub-band (FFS for the same UE)
· PDSCH can be spanned over multiple LBT sub-bands and the part of PDSCH is punctured where CCA fails. 
· gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome
       

Conclusion
Based on the discussion, we have the following proposal: 
Proposal 1: For wideband operation, in addition to time domain structure defining DL, UL and Flexible symbols, COT structure defines in frequency domain which LBT sub-band(s) are accessible to the UE.
Proposal 2: For NR-U single wideband carrier operation, each CORESET is confined within a LBT sub-band. FFS: the number of CORESETs that can be configured to a UE
Proposal 3: Support the following options for PDSCH transmission in wideband operation:
· Each PDSCH is contained within a LBT sub-band (FFS for the same UE)
· PDSCH can be spanned over multiple LBT sub-bands and the part of PDSCH is punctured where CCA fails. 
· gNB prepares for multiple sets of PDSCH mappings and selects one of them depending on LBT outcome
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