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In RAN1#96b following agreements have been made [1]:
	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
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In the last meeting, three mechanisms have been adopted for consideration which are meant to detect LBT sub-bands on which the gNB actually transmits. The three variants can be divided into mechanism with implicit and explicit indication. Implicit indication has the major drawback that it leaves more space for ambiguity on the UE behavior side. However, for certain mechanisms, such as wide-band PDSCHs, the correct detection and alignment between UE and gNB is crucial. 

Furthermore, to adapt the baseband filter or for disabling PDCCH monitoring on unused LBT sub-bands requires a robust indication of the actually used LBT sub-bands. Hence, an explicit indication is to be preferred over an implicit indication. Explicit indication can be done via selection of a DM-RS sequence, which can also be misinterpreted, or via direct signalling in a DCI within the GC-PDCCH or PDCCH. Therefore, direct signalling, Option 1, should be favored.

Proposal 1: Support Option 1, where the gNB indicates LBT outcome in GC-PDCCH or in PDCCH.

Wide-band CORESETs

Mainly two alternatives to specify CORESETs for wide-band operation have been identified:
· Alt1: CORESET within LBT subband,
· Alt2: CORESET spanning multiple LBT subbands.

In Alt1, the maximum number of CORESETs per BWP needs be to increased, which is limited to three CORESETs per BWP in the current NR specifications. Assuming 4 (80 MHz) or even 8 (160 MHz) LBT sub-bands in wide-band operation, the configurable number of CORESETs per BWP would have to be increased to at least 8. In addition, a lot of control signaling overhead is introduced by this, since a CORESET has to be configured for each LBT sub-band separately. Therefore, having a CORESET spanning multiple LBT subbands as proposed in Alt2 saves a lot of configuration overhead compared to Alt1. However taking Alt2, the CCEs associated with a PDCCH should be mapped within a LBT sub-band, such that the PDCCH can be decoded even if not all LBT sub-bands are available. Hence, this requirement should be taken into account when designing the CCEs hashing function. 

Proposal 2: Support Alt2, where a PDCCH is within a LBT sub-band.

PDSCH Enhancements for Wide-band Operation

Three options how to handle PDSCH transmission in wide-band operation have been identified:

· Option 1: Each PDSCH is mapped within a LBT sub-band or contiguous LBT sub-bands and the part of PDSCH is not punctured due to LBT outcome at gNB.
· 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.
Here, Option 1 cannot use the full potential of wide-band operation since it either does not allow to transmit a PDSCH due to a CCA failure on a subset of the LBT sub-bands or schedules small PDSCHs within the LBT sub-bands which increases the control overhead at least in the initial slot. Additionally, in the case CCA succeeds in all LBT sub-bands Option 1 takes a loss in data rate due to the small TBs into account. Hence, Option 2 and 3 should be preferred over Option 1. However, Option 3 requires more computational power and memory compared to Option 2. Additionally, Option 2 comes with the ease of less standardization efforts. CBG-based feedback can recover the punctured parts of PDSCH in an efficient manner. Nevertheless, Option 3 saves in the most cases a HARQ retransmission which is beneficial in terms of average latency and unnecessary HARQ operation, and should also be considered in addition to Option 2.

Proposal 3: Support Option 2 and Option 3 for PDSCH transmission.

PUSCH enhancements for wide-band operation

In the last meeting, two alternatives for performing a PUSCH transmission in wide-band operation have been agreed:

· Alt1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 

In the case of CAT1 LBT, obviously there is no issue to transmit in all LBT sub-bands scheduled by the PUSCH. Here, we assume that a UE is only scheduled in LBT sub-bands which are also actually used by the gNB COT. However, in the case of CAT2 LBT within the gNB COT or a CAT4 LBT outside the gNB COT, it is a valid question whether transmission of PUSCH has to be restricted to the case that CCA is successful in all LBT sub-bands of the scheduled PUSCH. Assuming a moderate amount of interference on a single LBT sub-band, Alt1 will cause a significant loss of efficiency. To make this more clear, even an interference on a single LBT sub-band, e.g. caused by IEEE802.11 a/h/n, will cause the NR-U UE to not use the spectrum at all. Hence, Alt2 should be preferred over Alt1, if supported by RAN4. Here, further restrictions, such as frequency contiguous allocations, also have to be provided by RAN4.

Proposal 4: Support Alt2 for wide-band PUSCH transmissions with CAT2 and CAT4 LBT.

Conclusion
In this contribution, we discussed enhancements to the NR-U wide-band operation. 

Proposal 1: Support Option 1, where the gNB indicates LBT outcome in GC-PDCCH or in PDCCH.

Proposal 2: Support Alt2, where a PDCCH is within a LBT sub-band.

Proposal 3: Support Option 2 and Option 3 for PDSCH transmission.

Proposal 4: Support Alt2 for wide-band PUSCH transmissions with CAT2 and CAT4 LBT.
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