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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK2]At RAN #84 plenary meeting in June 2019, the views on essential/optimization items on each WGs for on time completion of  Rel-16 NR-U WI was presented in [1]. Wherein, the essential/optimization items in “7.2.2.2.5 wide-band operation” are as follows:
Essential
· Coreset for wideband (multiple coresets with one or more per LBT subband or multi-cluster coreset with one cluster per subband)
Optimizations
· If PUSCH Alt 2 is also supported 
After that, some agreements and conclusions on wide-band operation were further reached at RAN1 #98 meeting in August and RAN1 #98bis meeting in October as follows [2-3]. 
Conclusion:
The following are unchanged from Rel-15 for PDCCH.
· The maximum number of monitored PDCCH candidates per slot and per serving cell.
· The maximum number of non-overlapped CCEs per slot and per serving cell.
· CCE-to-REG mapping rule and hashing function.
Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen
Agreement:
For a search space set configuration associated with multiple monitoring locations in the frequency domain (as per the previous agreement defining such a search space set associated with a CORESET confined within an LBT bandwidth):
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwidths within the BWP corresponding to the CORESET.
· Within the search space set configuration associated with the CORESET, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET.
· CORESET parameters other than frequency domain resource allocation pattern are identical for each of the one or more monitoring locations in the frequency domain.
· Include this and the prior agreement on this issue in an LS to RAN2
Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation
Agreement:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.
In this contribution, we share our views on remaining issues of wide-band operation for NR-U, including we will further discuss to support PUSCH transmission on parts or whole BWP. Meanwhile, the PDCCH / PDSCH / PUCCH / PUSCH configuration and transmission design are also investigated.
 Wide-band operation
2.1 Intra-carrier guard-band and LBT bandwidth configuration
In the last meeting, below agreement was reached and whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation is still FFS. We think the guard-band issues would be handled by scheduler implementation. That is when allocate resource to UEs, allocate resource should not include the guard bands that include integer number of full PRBs. Otherwise, there will be spectrum emission mask for NR-U. Or if the intra-carrier guard band could be scheduled and it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed, then gNB/UE need to puncture the data to reserve the resource for guard-band, and the punctured channel masks is depended on RAN4.
Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation
Proposal 1: The guard-band issues would be handled by scheduler implementation.
2.2 Indication in frequency domain
In RAN1 #97 meeting, explicit indication via GC-PDCCH (if it is configured) is supported as a mechanism to inform the UE that one or more carriers or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst. In RAN1 #98 meeting, RAN1 further supported to add a bitmap corresponding to available LBT bandwidths in the GC-PDCCH DCI. Some remaining issues on indication in frequency domain i.e. three FFSs in RAN1#97 agreements need to be clarified. 
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
Since it is difficult for a gNB or a UE to perform LBT on other LBT sub-bands within a COT obtained in the available sub-band, especially on adjacent LBT sub-bands. The reason is that the transmission power in the available sub-band will leak to other adjacent LBT sub-bands, resulting in inaccurate LBT results, which way is similar to full-duplex operation. Therefore, the time domain validity of indication can be extended to the whole COT. Furthermore, when GC-PDCCH is not configured or not received by the UE, or at the beginning of DL transmission burst, The UE can obtain the information about LBT outcome in each sub-band based on initial signal e.g. DMRS. For example, the UE performs DMRS detection on every LBT sub-band individually within single active DL BWP, and then UE performs other RSs/channels detection on LBT sub-band(s) where DMRS is detected.
Proposal 2: GC-PDCCH indication in frequency domain issues are to be solved in the following way:
· The time domain validity of indication can be extended to a whole COT as LBT results performed in other LBT sub-bands within the COT may not be accurate.
· When GC-PDCCH is not configured or not received by the UE, or at the beginning of DL transmission burst, the UE can obtain the information about LBT outcome in each sub-band based on initial signal e.g. DMRS.
2.3 PUSCH
For PUSCH operation in wideband, the mis-match between resource allocation in UL grant and LBT outcome becomes even more severe, as gNB has little idea about the LBT result if initiated by the UE. Similar to PDSCH, three alternatives below are possible.
[bookmark: OLE_LINK3]Option 1: One UE can be scheduled multiple PUSCHs in different sub-bands, e.g. 1st slot/mini-slot as in Figure 4, and each of which is restricted within a LBT sub-band at the beginning of COT. UE can transmit PUSCH on the sub-bands of the single activated BWP based on LBT outcome.  If LBT on certain LBT sub-band fails, UE just drop the PUSCH on that LBT sub-band.  However, if more than one PUSCHs LBT is successful, at least two PUSCHs should be transmitted at the same time where each PUSCH is transmitted on the separate LBT sub-bands. This option has high UE capability requirement. For R16 UE, this is not possible.


Figure 4 Illustration of multiple PUSCHs scheduling and transmission
Option 2: gNB schedules single PUSCH based on PRB-based interlace design of the wideband BWP. Single PUSCH is prepared by UE. And UE punctures the PRB(s) on the LBT sub-band(s) which fails LBT. Similar method, as PDSCH mentioned above, can be applied, and each CBG of the PUSCH is transmitted in separate sub-bands. The CBG will be punctured and may be retransmitted upon gNB’s scheduling.
Option 3: One PUSCH has multiple candidate resource in different sub-band. UE can transmit the TB on one of multiple granted UL resources applicable to multiple sets of LBT sub-bands. This option can provide multiple transmission versions for PUSCH. 
Proposal 3: UE punctures the CBG transmission on the frequency resource that fails LBT. Or multiple PUSCH resource in different sub-band can be prepared by the UE.
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996] Conclusion 
[bookmark: _GoBack]In this contribution, we share our views on remaining issues of wide-band operation for NR-U. We have the following proposals:
Proposal 1: The guard-band issues would be handled by scheduler implementation.
Proposal 2: GC-PDCCH indication in frequency domain issues are to be solved in the following way:
· The time domain validity of indication can be extended to a whole COT as LBT results performed in other LBT sub-bands within the COT may not be accurate.
· When GC-PDCCH is not configured or not received by the UE, or at the beginning of DL transmission burst, the UE can obtain the information about LBT outcome in each sub-band based on initial signal e.g. DMRS.
Proposal 3: UE punctures the CBG transmission on the frequency resource that fails LBT. Or multiple PUSCH resource in different sub-band can be prepared by the UE. 
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