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1 Introduction

During RAN #84, guidance on essential functionality for NR-U was presented and approved [1]. For wideband operations, the essential functionality includes:
· CORESET for wideband (multiple CORESETs with one or more per LBT subband or multi-cluster CORESET with one cluster per subband).

Furthermore, at RAN1 #97 [2] the following agreement was 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.
NR-U will support transmissions over a wider bandwidth than 20 MHz similar to NR in licensed bands.
This can be achieved in principle through two different approaches, (1) multiple serving cells each using 20 MHz bandwidth or (2) a wideband serving cell with bandwidth N*20 MHz. For the first approach, carrier bandwidth (CBW) = LBT bandwidth (LBW), for the second approach CBW > LBW. One design constraint is that clear channel assessment for the legacy UNII bands in 5 GHz still has to be performed on the 20 MHz channels. In addition, R16 NR-U won’t support DL or UL operation with multiple active BWPs for a carrier.
In this contribution, we provide our views on NR-U wideband operation for DL and UL.

2 Wideband operation in DL
In the January 2019 RAN1 AH, the following was agreed for NR-U wideband operation in the DL:
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.

Option 3 provides a compromise between the flexibility of multiple active BWPs and the low complexity of Option 2. It doesn’t require multiple active BWPs but maintains channel access flexibility. Option 3 ensures that the largest possible set of LBT subbands is used at any given moment, thus maximizing the throughput while also maximizing the channel access probability.
One drawback of Option 3 is for cases where the acquired LBT subbands are disjoint and thus the BWP becomes disjoint. It is unclear if there are benefits for a UE to operate on multiple disjoint blocks of LBT subbands. Nevertheless, for system efficiency, the network can choose to schedule different UEs in disjoint sets of LBT subbands.
Proposal 1:
A UE operates on a single contiguous block of LBT subbands per COT.

PDCCH
For PDCCH monitoring, means are required to ensure a UE can be scheduled regardless of the acquired set of LBT subbands. Each LBT subband could have a CORESET and at least one associated search-space. However, this requires an increase in the total number of CORESETs that a UE may be configured with. There is no reason why a CORESET should be confined to a single LBT subband. Enabling operation on a portion of a CORESET mapped to multiple LBT subbands can ensure that any combination of LBT subbands is possible without requiring the UE to support a greater number of CORESETs than in Rel-15.

Proposal 2:
A CORESET can be mapped to multiple LBT subbands.
Having a search-space in every LBT subband (to ensure robustness to all possible sets of acquired LBT subbands) leads to unnecessarily high number of PDCCH candidates when multiple LBT subbands are acquired. Using Rel-15 search-space pruning would reduce the BD complexity but might lead to decreased scheduling capacity on some LBT subbands even when multiple LBT subbands have been acquired. This is especially true given that search-spaces in different LBT subbands will clearly require different CCE channel estimates, which will drastically reduce the number of valid search-spaces. RAN1 is currently discussing how to modify PDCCH monitoring inside and outside of COT. It therefore makes sense that the PDCCH monitoring configuration of a search-space can not only be dependent on the timing (within or outside of a COT), but also on the set of LBT subbands acquired.

If the requirement to modify the hashing function to support a CORESET spanning multiple LBT subbands is deemed too complex, each LBT subband could be configured with a CORESET. This requires an increase in the allowed maximum number of configured CORESETs, thus increasing UE complexity. In this case, it is worthwhile to consider differentiating between sets of configured CORESETs (ensuring at least one CORESET per LBT subband) and sets of active CORESETs (with maximum number of active CORESETs specified). The set of active CORESETs could be determined based on the set of acquired LBT subbands.

Proposal 3:
A UE determines the PDCCH monitoring configuration of a set of search-spaces based on the set of acquired LBT subbands.
One issue discussed at RAN1 #97 [2] is how does the UE determine the set of acquired LBT subbands. Given that the gNB needs to construct a COT structure indication prior to acquiring the LBT subbands, it is not able to indicate to the UEs the set of acquired LBT subbands, at least at the beginning of a COT. The UE could monitor for the reception of DMRS and/or GC-PDCCH in multiple LBT subbands and construct the set of acquired LBT subbands based on the successful reception of DMRS and/or GC-PDCCH in one or more LBT subbands. However, this is not robust and increases UE monitoring complexity outside of COTs. It is beneficial to reduce UE monitoring complexity outside of COT and enabling UEs to determine an active COT with reception of a single DMRS and/or GC-PDCCH. In such a case, upon reception of at least one DMRS and/or GC-PDCCH, the UE can switch to Phase B for at least that LBT subband. For monitoring on other LBT subbands, the UE has three options:
1)  Continue Phase A monitoring in other LBT subbands
2)  Stop all monitoring in other LBT subbands
3)  Switch to Phase B monitoring on other LBT subbands.
Using (1) is unnecessarily wasteful, because it would force the gNB to transmit the COT indicating DMRS and/or GC-PDCCH multiple times, at least until the COT structure indication can be transmitted. Approach (2) can reduce network flexibility given that a UE could only be scheduled in the search-spaces located in the detected LBT subband. Option (3) can lead to unnecessary monitoring by the UE and thus an undue increase in complexity. However, the UE only needs to perform Phase B monitoring for a short period of time (e.g. until the next slot boundary or until reception of the COT structure indication). Therefore, the cost associated with option (3) is limited. Based on Proposal 1 the UE should not expect to operate on non-contiguous LBT subbands. Therefore, upon detecting an active LBT subband, the UE can switch to Phase B monitoring for that LBT subband and a set of adjacent LBT subbands.

Proposal 4:
A UE switches to Phase B monitoring for a set of adjacent LBT subbands upon detecting that the gNB has acquired at least one of the LBT subbands.
PDSCH
For transmissions occurring early in a COT (e.g. those occurring immediately upon a gNB successfully acquiring a COT), it is possible that the gNB has already built its TB prior to LBT. Moreover, it is possible that the full required set of LBT subbands has not been acquired. In such a case, the network can proceed in one of two ways. The first is that the gNB can build multiple TBs and transmit one that fits the acquired set of LBT subbands. Otherwise, CBG can be used to ensure that a full TB need not be retransmitted. In such a case, it makes sense that CBG construction be modified to ensure CBGs are self-contained within a single LBT subband.
Proposal 5:
NR-U CBG construction should consider LBT subbands.
3 Wideband operation in UL

In April 2019 RAN1#96bis, the following was agreed for NR-U wideband operation in the UL:

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

Due to hidden nodes, it is possible that a UE may not be able to acquire the same set of LBT subbands as that acquired by a gNB in a gNB-acquired COT. As such, the gNB may schedule a UE on a set of LBT subbands based on that which it has acquired, but if the UE uses Alt.1 it may need to drop the transmission altogether. On the other hand, using Alt. 2, possibly with CBG, could enable the transmission of at least a portion of the TB and could therefore make better use of the available resources.

For a UE-acquired COT, there may be even greater asymmetry between the resources scheduled for a PUSCH transmission and that which are clear from the UE’s point of view at the time of the transmission. Therefore, to improve channel acquisition probability, and hence improve resource usage, it is desirable that a UE be able to transmit a TB on one of multiple sets of LBT subbands. For example, a grant can include a set of possible resource allocations. The UE can transmit on any one of the RAs based on the outcome of LBT. To reduce LBT complexity, each RA could be offset in time and the UE can cycle through each until successful transmission.

Proposal 6:
In NR-U, UEs can transmit a TB on one of multiple granted UL resources, each applicable to different sets of LBT subbands.
4 Conclusion
This contribution discusses wideband operation in unlicensed channel. We provide the following proposals:
Proposal 1:
A UE operates on a single contiguous block of LBT subbands per COT.

Proposal 2:
A CORESET can be mapped to multiple LBT subbands.
Proposal 3:
A UE determines the PDCCH monitoring configuration of a set of search-spaces based on the set of acquired LBT subbands.
Proposal 4:
A UE switches to Phase B monitoring for a set of adjacent LBT subbands upon detecting that the gNB has acquired at least one of the LBT subbands.
Proposal 5:
NR-U CBG construction should consider LBT subbands.
Proposal 6:
In NR-U, UEs can transmit a TB on one of multiple granted UL resources, each applicable to different sets of LBT subbands.
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