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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK2]In RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5 GHz and 6 GHz. In the WID of NR-U, it was described about the specifying support for wide-band operation. Some agreements reached during NR-U SI stage can be regarded as a starting point for NR-U WID. 
 In RAN1 AH1901 meeting [2], the following agreements about wide-band operation were reached:
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
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.
Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

In RAN1 #96bis meeting [3], the following agreements about wide-band operation were reached:
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
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 RAN1 #97 meeting [4], the following agreements about wide-band operation were reached:
Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/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.
· 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
Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.
In RAN #84 plenary meeting, the views on essential/optimization items on each WGs for on time completion of NR-U WI was presented in [5]. 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 
In this contribution, we share our views on 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	DL BWP operation
[bookmark: OLE_LINK7]In the RAN1 AH1901 meeting, Option 2 and Option 3 on wideband operation in DL were agreed and a LS was sent to RAN4 for feedback. In RAN4 #90bis meeting, R4-1905209 on DL wideband carrier operation for NR-U was approved [6]. According to the reply LS reply,  it is feasible to transmit over a single wideband carrier when LBT is successful in a subset of the contiguous or non-contiguous LBT sub-bands, at least if PRBs within the guard-band of two contiguous LBT sub-bands are not scheduled by gNB. Besides, to increase the transmission opportunities and the resource utilization, Option 3 (i.e., multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB) is supported. The guard-band issues would be handled by scheduler implementation.

Proposal 1: 
· Option 3 (i.e., multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB) where the LBT sub-bands used for PDSCH transmission may be contiguous or non-contiguous is supported. 
· The guard-band issues would be handled by scheduler implementation.
2.2 COT indication in frequency domain
In RAN1 #97 meeting, GC-PDCCH 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. 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	UL BWP operation
Per the conclusion of AH1901 meeting, operation with multiple active BWPs for a carrier in unlicensed bands is not supported at least in Rel-16 NR-U WI, only one active BWP for a carrier on unlicensed bands is supported. In RAN1#96bis meeting, at least Alt. 1 among the following alternatives was supported, and Alt. 2 is still FFS. 
· 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. 
For Alt. 1, whether to allow PUSCH to be transmitted on this activated BWP depends on the LBT outcome of all sub-bands. Only when all the CCA of the whole BWP is successful can the UE transmit PUSCH, which seems very restrictive. Compared with Alt. 1, Alt. 2 can provide more transmission opportunities and improve the resource utilization. Based on this, Alt. 2 should also be supported. Besides, for DL BWP operation, gNB transmits PDSCH on parts of single BWP where CCA is successful at gNB has been supported, which has the same idea as Alt. 2 in UL BWP operation. Therefore, considering the uniform design operation, Alt. 2 for UL BWP-based operation can also be supported..
Proposal 3: Considering spectral efficiency and transmission opportunity and DL/UL uniform design operation, Alt. 2 for UL BWP-based operation should also be supported.
2.4 DL/UL channel design
2.4.1 PDCCH
In NR-U the gNB’s transmission bandwidth would vary, subjecting to the outcome of sub-band LBT, which probably leads to no CORESET configured on LBT successful sub-band. Note that Rel-15 NR only support up to three CORESETs per BWP. Therefore, a straightforward method is to have CORESET configuration on each LBT sub-band within single activated BWP. According to 100MHz maximum channel bandwidth and 20MHz LBT sub-band, the maximum number of CORESETs per BWP needs to be increased up to 5. RAN1 has already reached a relevant agreement in eMIMO WI at the last meeting, which is copied below. Therefore, it is natural for NR-U to adopt the agreement already reached to solve above problem.


Figure 1 CORESET configuration in one BWP contained two sub-bands
Observation 1: RAN1 has already agreed to increase the maximum number of CORESETs per “PDCCH-config” to 5 in eMIMO WI, that can enable each LBT sub-band can be configured with an associated CORESET.
2.4.2 PDSCH
According to the conclusion in RAN1 #97 meeting, for PDSCH scheduling and transmission in the wideband, the following two options can be supported.
Option1: A PDSCH scheduled within an LBT bandwidth. 
Option2:  A PDSCH can span over multiple LBT sub-bands 
[bookmark: OLE_LINK5]For option1, certain frequency diversity may be lost. Besides, some companies proposed to use the method that a UE can be scheduled with more than one PDSCH where each PDSCH is transmitted on the separate LBT sub-bands which have been supported in multiple TRP/panel in R16. But this has some UE capability requirement.
For option2, the part of PDSCH is punctured if CCA fails in the corresponding LBT sub-bands at gNB. To mitigate the impact of LBT failure, especially at the beginning of a COT, a method as illustrated in Figure 2 can be considered since CBG based feedback and retransmission is already supported in NR R15. Each CBG of the PDSCH corresponds to one LBT sub-band, and gNB can puncture the CBG data transmission on the sub-band resource if it fails LBT. gNB can schedule the CBG retransmission that is punctured. Note that this may require new PDSCH RE mapping rule (e.g., frequency-first mapping followed by time within a LBT sub-band, then across LBT sub-bands). 
 


Figure 2 Illustration of CBG mapping in one BWP
Proposal 4: For a PDSCH  span over multiple LBT sub-bands, below method can be considered：
· Each CBG of the PDSCH corresponds to one LBT sub-band, and gNB can puncture the CBG data transmission on the sub-band resource if it fails LBT.
2.4.3 PUCCH
For PUCCH configuration in wideband operation, a UE can be configured multiple PUCCH resources in different sub-bands, and each PUCCH resource is constrained in a sub-band as illustrated in Figure 3 in order to avoid partial puncturing of UCI due to LBT failure. When PUCCH format(s) of PRB-based interlace design is configured, it occupies PRB of a partial wideband interlace.  And UE can choose one PUCCH resource to transmit PUCCH in the case of more than one successful sub-band LBT. The smallest sub-band index can be chosen for PUCCH transmission when more than one PUCCH LBT is successful at the same time.



[bookmark: OLE_LINK4]
Figure 3 PUCCH configuration for one UE in one BWP
Proposal 5:  A PUCCH resource should be restricted within a LBT sub-band.
2.4.4 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 6: 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-8-0996][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0992] Conclusion 
In this contribution, we share our views on wide-band operation for NR-U. We have the following observation and proposals:
Observation 1: RAN1 has already agreed to increase the maximum number of CORESETs per “PDCCH-config” to 5 in eMIMO WI, that can enable each LBT sub-band can be configured with an associated CORESET.
Proposal 1: 
· Option 3 (i.e., multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB) is supported. 
· 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: Considering spectral efficiency and transmission opportunity and DL/UL uniform design operation, Alt. 2 for UL BWP-based operation should also be supported.
Proposal 4: For a PDSCH  span over multiple LBT sub-bands, below method can be considered：
· Each CBG of the PDSCH corresponds to one LBT sub-band, and gNB can puncture the CBG data transmission on the sub-band resource if it fails LBT.
Proposal 5:  A PUCCH resource should be restricted within a LBT sub-band.
Proposal 6: 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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