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Introduction
In the RAN1 #96 Bis meeting [1], the following agreements were made:
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
Based on these agreements and discussions, we discuss design aspects for wideband operation in NR-U for both downlink transmission. 

2. Indicating the LBT outcome at the gNB
It has been agreed that LBT will be performed in multiples of 20 MHz for co-existence with Wi-Fi systems. The gNB may gain channel access to multiple 20MHz sub-bands if the LBT is successful across contiguous sub-bands in a single COT and transmit and receive on a wideband channel. It is beneficial for a UE to be aware of the sub-bands acquired by the gNB in a COT for the following reasons.
· The UE can reduce its power consumption by limiting its monitoring to the bandwidth of the gNB’s COT.
· The UE can perform measurements based on the bandwidth of the gNB’s COT.
· The UE can support a configured grant transmission in a shared COT with UL resources within the bandwidth of the gNB’s COT.
· The UE can infer the guard bands for the bandwidth of the gNB’s COT.
We discuss below, the two broad ways of indicating the gNB’s LBT outcome to the UE that have been discussed in the previous meeting.

2.1 Explicit Indication of 20MHz sub-bands within gNB’s COT
[bookmark: _GoBack]The gNB may provide an explicit indication of the sub-bands to the UE through a signal such as a preamble or DMRS or through a control channel such as the GC-PDCCH. The indication may be transmitted on one or more sub-bands. The UE may receive the indication over one or more sub-bands and infer the availability of the sub-bands in the COT from the transmitted indication. For example, as shown in Figure 1, the UE receives the indication on sub-band SB1. The indication carries information that sub-bands SB0, SB1 and SB2 are available to the gNB in the COT. Accordingly, the UE adjusts its reception bandwidth to the bandwidth indicated by the gNB which includes SB0, SB1 and SB2 for monitoring PDCCH.
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[bookmark: _Ref4753635]Figure 1 Explicit indication of 20MHz sub-bands within gNB’s COT

2.2 Implicit Indication of 20MHz sub-bands within gNB’s COT
The UE may implicitly derive knowledge about the sub-bands within the gNB’s COT.  For example, as shown in Figure 2, the UE may monitor its default BWP in SB1. If it detects a DMRS or PDCCH from its serving gNB, it can infer that at least SB1 is in the gNB’s COT. Subsequently, the UE may infer the presence of other sub-bands from a DL or UL grant scheduled within that COT. In Figure 2, a DCI on SB1 indicates a DL grant across SB0 and SB1. On receiving this, the UE infers that SB0 is also within the gNB’s COT but the UE cannot make assumptions on the availability of SB2 and SB3 even if they are acquired by the gNB.   
[image: ]
[bookmark: _Ref4664682]Figure 2 Implicit indication of 20MHz sub-bands within gNB’s COT
Considering that the gNB has to supports UEs with different DRX ON durations, it may be beneficial to support both explicit and implicit indications of the sub-bands as it gives more flexibility to the gNB in scheduling the indication.
Proposal 1: It may be beneficial to support both explicit and implicit indications of the sub-bands as it gives more flexibility to the gNB in scheduling the indication.

3. CORESET configuration for wideband operation
As the sub-bands in a gNB’s COT can change dynamically in every channel access attempt, it is necessary to examine the impact of availability of sub-bands on CORESET monitoring. For example, in NR Rel. 15, a CORESET is configured with respect to a DL BWP. If a CORESET is configured across multiple sub-bands and some of the sub-bands are not available due to LBT failure, we must provide a way to enable PDCCH detection on the available sub-bands. 
One possible solution is to confine a CORESET within one LBT sub-band. But if this sub-band is not available then the configured CORESET cannot be transmitted. So it may be beneficial to assign CORESETs to a UE to be confined in more than one sub-band. However, NR Rel. 15 limits the number of configured CORESETs to 3 within the BWP. We must study how sufficient number of CORESETs can be assigned so that a UE can benefit from wideband operation and whether the number of CORESETs required should be relaxed.
Observation 1: It is beneficial to assign CORESETs to a UE in multiple sub-bands so that the UE can receive control signal from at least one sub-band if another is not available.  
Proposal 2: Study how sufficient number of CORESETs can be assigned so that a UE can benefit from wideband operation. 
For special CORESETs such as CORESET 0 and beam failure recovery (BFR) CORESET, NR Rel.15 supports only one configuration per BWP. We must study the impact on non-availability of these CORESETs due to LBT failure for their respective sub-bands, especially for SA operation. If there are negative impacts, we may consider ways to study how these CORESETs can be transmitted on other available sub-bands in a COT as shown in Figure 3.
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[bookmark: _Ref4677116]Figure 3 Use the available sub-bands to carry the CORESETs confined within unavailable sub-band 
Proposal 3: NR-U should study the impacts of channel non-availability on special CORESETs such as CORESET0 and BFR-CORESET.


4. Conclusion 
In this contribution, we have the following observation and proposals: 
Proposal 1: It may be beneficial to support both explicit and implicit indications of the sub-bands as it gives more flexibility to the gNB in scheduling the indication.
Observation 1: It is beneficial to assign CORESETs to a UE in multiple sub-bands so that the UE can receive control signal from at least one sub-band if another is not available.  
Proposal 2: Study how sufficient number of CORESETs can be assigned so that a UE can benefit from wideband operation. 
Proposal 3: NR-U should study the impacts of channel non-availability on special CORESETs such as CORESET0 and BFR-CORESET.
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