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1. Introduction

In RAN1#AH1901 and RAN1#96bis meetings [1]-[2], the following agreements were made related to DL/UL BWP operation for NR-U.
	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

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


In this contribution, we discuss wideband operation (in integer multiples of 20MHz) with one or multiple serving cells with bandwidth larger than 20MHz for NR-U.
2. Bandwidth part operation
2.1. DL signals and channels

Considering that gNB can transmit PDSCH on parts of single active BWP where CCA is successful at gNB [3], some enhancements can be necessary to DL signal and channel design. Therefore, in this section, we discuss how to indicate gNB’s transmitted LBT-BWs, PDCCH/PDSCH enhancements, and CSI-RS reception.

· COT indication in frequency domain
In addition to the functionality of time domain COT structure indication, we need to investigate how to inform DL/UL structure of acquired channel to UEs in frequency domain, at least for the following purposes.
- PDSCH reception if PDSCH is transmitted only on parts of the activated BWP or scheduled frequency domain resource
- CSI/RRM/RLM measurement if CSI-RS is transmitted only on parts of configured frequency resource

- DL-to-UL COT sharing: In detail, if transmission BW occupied by gNB initiating COT is smaller than operating/scheduled BW, the UE sharing the COT shall occupy the same (or less) BW for the gNB.
- UE power saving by skipping PDCCH monitoring on parts of the activated BWP

To be specific, explicit signalling of gNB’s channel occupancy information in frequency domain via GC-PDCCH is preferred since more reliability can be warranted compared to DM-RS and GC-PDCCH already contains COT information in time domain.
GC-PDCCH transmitted on an active BWP can be configured to contain dynamic SFI information corresponding to one or multiple LBT-BW(s) in the active BWP or across carriers/BWPs. In this case, information on whether a LBT-BW is occupied by serving gNB or not can be indicated by a specific code point for dynamic SFI information corresponding to the LBT-BW. For instance, if there are 2 LBT-BWs within an active BWP, separate positionInDCI for DCI format 2_0 can be configured per LBT-BW and a specific SFI-Index (e.g., ‘0’) can indicate that corresponding LBT-BW is not occupied by serving gNB but other SFI-Index can indicate that corresponding LBT-BW is occupied by serving gNB.

Or, a separate bitmap based indication can be introduced to support a mechanism for a UE to detect gNB is transmitting across carriers and/or LBT-BWs in a carrier. For instance, if there are 2 LBT-BWs within an active BWP, each bit in two-bit bitmap for DCI format 2_0 can be configured per LBT-BW and the first (or the second) bit corresponds to gNB’s transmission ON/OFF status for LBT-BW#1 (or LBT-BW#2).
Additionally, it should be considered how to inform in which LBT-BW(s) serving gNB is transmitting at the beginning in its DL burst. The serving gNB may not have sufficient processing time to signal its transmitting LBT-BW since gNB cannot predict LBT outcome before starting to transmit DL burst. Therefore, the serving gNB may indicate that this slot is at the beginning of its DL burst without the exact information on gNB’s transmitting LBT-BWs (e.g., by using a specific code point for SFI or bitmap such as all zeros).
Proposal #1: GC-PDCCH indicates on which LBT-BW(s) within an active BWP or across carriers gNB is transmitting. FFS on signalling details of indication, including bitmap based indication.
· PDCCH configuration
The following enhancements can be considered for the flexibility of PDCCH transmission.

· CORESET is configured to be mapped within a LBT-BW and the number of CORESETs per BWP is increased to [4 or 5].

· If it is necessary to consider configuring CORESET to be mapped across multiple LBT-BWs,
·  Guard band between LBT-BWs (if defined by RAN4) can be excluded from the configured frequency domain resource for the CORESET.

·  A hashed PDCCH candidate can be mapped to be confined within a LBT-BW or sub-set of multiple LBT-BWs.

· The number of PDCCH BD candidates per LBT-BW is adapted based on actually transmitted LBT-BW(s) (e.g., allocating N/2 PDCCH BD candidates per each of two LBT-BWs #1 and #2 in case when both LBT-BWs #1 and #2 are transmitted by gNB while allocating N PDCCH BD candidates only for LBT-BW #1 in case when only LBT-BW #1 is transmitted by gNB).

Proposal #2: The following enhancements for PDCCH can be considered.

· CORESET is configured to be mapped within a LBT-BW and the number of CORESETs per BWP is increased to [4 or 5].

· If it is necessary to consider configuring CORESET to be mapped across multiple LBT-BWs,
·  Guard band between LBT-BWs (if defined by RAN4) can be excluded from the configured frequency domain resource for the CORESET.
·  A hashed PDCCH candidate can be mapped to be confined within a LBT-BW or sub-set of multiple LBT-BWs.

· The number of PDCCH BD candidates per LBT-BW is adapted based on actually transmitted LBT-BW (s).

· PDSCH mapping
PDSCH mapping to be robust against partial PDSCH transmission in frequency domain can be needed. For instance, LBT-BW first, frequency-second, time-third TB mapping and CBG based (re)transmission can be considered, as shown in Figure 1. Note that if Rel-15 NR mapping rule is performed for the allocated time and frequency resource as in Figure 1 and one of LBT-BWs is punctured, half of each CBG cannot be transmitted (while in Figure 1(b), CBG#1 is fully transmitted). In addition, if guard band between LBT-BWs is defined by RAN4, PDSCH can be scheduled (with rate-matching pattern indication) considering guard band (e.g., gNB can indicate whether guard band between two 20 MHz chunks in Figure 1 is rate-matched or not).
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Figure 1. Example of PDSCH mapping
Proposal #3: Adopt PDSCH mapping with the following order: Frequency-first mapping followed by time within a LBT-BW, then across LBT-BWs.
· CSI-RS
CSI-RS can be configured with wide transmission bandwidth in order to perform CSI acquisition, RRM/RLM measurement, or tracking over the whole activated BWP (or carrier) bandwidth, where the configured transmission bandwidth might be wider than LBT-BW. In this case, depending on LBT outcome for each LBT-BW, only parts of CSI-RS in frequency domain can be transmitted and the transmitted bandwidth can be informed to the UE (e.g., by group-common PDCCH or UE-specific DCI especially for aperiodic CSI-RS). For CSI/RRM measurement, it can be considered how to perform CSI/RRM measurement or report corresponding to LBT-BWs not transmitted by gNB due to CAP failure. Also for RLM measurement, it can be investigated how to determine IS/OOS considering the case where parts of RLM-RS bandwidth cannot be transmitted by gNB.
Proposal #4: The impact of the case where only parts of configured CSI-RS bandwidth can be transmitted on CSI/RRM/RLM measurement should be further discussed.

2.2. BWP switching

In NR, active BWP can be switched by using following methods.
· RRC signalling

· UE-specific DCI

· Timer expiry

If NR-U supports BWP switching by using UE-specific DCI, how to figure out the potential ambiguity on the current active BWP index between gNB and UE may need to be further discussed. For instance, if gNB indicates BWP switching via UL grant but UE cannot access the channel for the scheduled UL transmission, gNB may not differentiate between UE’s DCI missing case and UE’s CAP failure. In this case, before UE switches BWP from source BWP to target BWP, UE may transmit confirmation message (e.g., PUCCH) on source BWP. If the active BWP can be changed due to timer expiry for NR-U, we may need to discuss whether the timer is kept or not outside serving gNB’s transmission. In this case, it seems reasonable to maintain BWP inactivity timer outside serving gNB’s transmission to avoid frequent expiry of BWP inactivity timer due to gNB’s LBT failure.
Proposal #5: If BWP switching operation for NR-U is supported, the followings should be considered.

· Ambiguity on the current active BWP index between gNB and UE considering the case where UE cannot access the channel for the switched BWP if BWP switching is indicated by UL grant

· Whether the BWP inactivity timer is kept or not outside serving gNB’s transmission

3. Conclusion
In this contribution, we provided our views on wide-band operation for NR-U and proposals are as follows.
Proposal #1: GC-PDCCH indicates on which LBT-BW(s) within an active BWP or across carriers gNB is transmitting. FFS on signalling details of indication, including bitmap based indication.

Proposal #2: The following enhancements for PDCCH can be considered.

· CORESET is configured to be mapped within a LBT-BW and the number of CORESETs per BWP is increased to [4 or 5].

· If it is necessary to consider configuring CORESET to be mapped across multiple LBT-BWs,

·  Guard band between LBT-BWs (if defined by RAN4) can be excluded from the configured frequency domain resource for the CORESET.
·  A hashed PDCCH candidate can be mapped to be confined within a LBT-BW or sub-set of multiple LBT-BWs.

· The number of PDCCH BD candidates per LBT-BW is adapted based on actually transmitted LBT-BW (s).

Proposal #3: Adopt PDSCH mapping with the following order: Frequency-first mapping followed by time within a LBT-BW, then across LBT-BWs.

Proposal #4: The impact of the case where only parts of configured CSI-RS bandwidth can be transmitted on CSI/RRM/RLM measurement should be further discussed.

Proposal #5: If BWP switching operation for NR-U is supported, the followings should be considered.

· Ambiguity on the current active BWP index between gNB and UE considering the case where UE cannot access the channel for the switched BWP if BWP switching is indicated by UL grant

· Whether the BWP inactivity timer is kept or not outside serving gNB’s transmission
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