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Background
In RAN#84, guidance on essential functionality for NR-U was actively discussed, and the following items were agreed as essential for NR-U wideband operation [1].
	7.2.2.2.5 Wideband operations
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 present our views on wideband operation for NR-U operation.
 
Discussions
CORESET configuration for wideband operation
[bookmark: _Hlk16168054]In eMIMO session, support of up to 5 CORESETs per BWP was agreed to enable multi-TRP operation [2]. This means that it was already agreed that Release 16 NR supports up to 5 CORESET per BWP. Naturally, the configuration of maximum 5 CORESETs is also applicable to NR-U operation.

Observation 1: 
· It was agreed that Release 16 NR supports up to 5 CORESET per BWP. It is applicable to NR-U cell.

On the other hand, how to configure CORESET should be up to gNB’s decision. The agreements from RAN1#AH1901 says that, 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 is activated, and the gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB [3]. This covers option 2 from the previous agreements, which is that the gNB transmits PDSCH on a single BWP only if CCA is successful at gNB for the whole BWP. It is left to the network’s decision whether it transmits PDSCH on an LBT subband where CCA is successful or it does not transmit PDSCH on the LBT subband unless the CCA gets successful in other LBT subband(s).
Figure 1 shows PDSCH scheduling example in cases where each CORESET is configured within a respective subband. It is assumed that the gNB is using a 100MHz BWP to communicate with at least 5 UEs. The gNB can configures CORESETs for those UEs, each CORESET is confined within a respective LBT subband so that the CORESET for UE 1 to UE 5 covers whole bandwidth of the 100MHz BWP. For the starting slot of a given DL transmission burst, the gNB prepares five sets of scheduling PDCCH and the scheduled PDSCH, each of them is confined within a different LBT subband and intended to a different UE. If all of the LBT subbands are sense as idle, the gNB transmit all of the PDCCH and PDSCH. If some of the LBT subbands are sense as idle, the gNB transmit the PDCCH and PDSCH which are allocated in those idle LBT subbands. On the other hand, for the second and later slots of the given DL transmission burst, the gNB can use the LBT outcome to prepare transport blocks, and therefore a PDSCH intended for a single UE can be mapped across multiple LBT subbands. It should be noted that CORESETs are allocated in all of the LBT subbands. The configuration of CORESETs each confined within a subband brings clear benefit that every slot has at least one available CORESET unless all of the LBT subbands are busy. With 5 UEs, all of the subbands can be fully utilized for PDSCH transmissions not only in the second or later slots but only in the starting slot.
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Figure 1-a: CORESET configuration for NR-U wideband operation
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Figure 1-b: CORESET configuration for NR-U wideband operation

[bookmark: _Hlk16608203][bookmark: _Hlk16609052]Figure 2 shows PDSCH scheduling example in cases where some CORESET is configured to be across subbands. It is assumed that the BWP size is 100MHz but there are only 2 UEs that need DL data. Given that these UEs does not support simultaneous receptions of multiple PDSCH s, the gNB can schedule at most two PDSCH s in frequency domain. This limitation also applies to the starting slot of a given DL transmission burst. A possible way to prepare PDSCHs at the gNB is that the gNB determines LBT subband allocation for two PDSCHs, for example, subbands #0 and #1 for UE1 and subbands #2 to #4 for UE2 as shown in Figure 2-a. In this case, if some of LBT subband is not available for a PDSCH transmission, the detection of the PDSCH at the UE side is likely to be failed and thus there is less meaning of the detection of the scheduling PDCCH. Therefore, the scheduling PDCCHs do not have to be confined within an LBT subband. When the gNB does not obtain LBT subbands #3 and #4 due to LBT failure, there could be two possible options for DL transmission. The first option is to abandon DL transmission on subbands #2, #3 and #4 as shown in Figure 2-b. Once the gNB starts transmissions using only subbands #0 and #1, subbands #2, #3 and #4 are not available for that DL transmission burst. The other option is to abandon DL transmission on subbands #3 and #4 as shown in Figure 2-c. In this instance, although the UE2 is likely to fail detection of the PDSCH at the starting slot, the gNB transmit the partial PDSCH for UE 2. For the second and later slots, the gNB can use the LBT outcome to prepare transport blocks, and therefore subbands #0, #1 and #2 can be fully utilized for PDSCH transmissions.
With either option, across-subband CORESET configuration also works, though the resource cannot be fully utilized. 
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Figure 2-a: CORESET configuration for NR-U wideband operation
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Figure 2-b: CORESET configuration for NR-U wideband operation
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Figure 2-b: CORESET configuration for NR-U wideband operation

Based on the above analysis, it can be left to the network’s choice whether every CORESET is confined within a respective subband or not. At the same time, NR-U SPEC should allow CORESET configuration such that each CORESET is confined in a respective subband.

Observation 2: 
· Although CORESET confined within a subband brings clear benefit, across-subband CORESET configuration also works.

Proposal 1: 
· Rel-16 should allow CORESET configuration such that each CORESET is confined in a respective subband.

Frequency domain resource allocation of Rel-15 CORESET configuration is based on a bitmap where each bit corresponds to a respective set of 6 contiguous CRB. Figure 3 shows 6CRB grid for CORESET configuration for 20MHz unlicensed carrier. According to Rel-15 SPECs, 6CRB grid is based on Point A, and therefore the starting PB of a DL BWP is not always aligned with the 6CRB grid for CORESET. This causes the cases that the maximum number of RBs in a CORESET is 42, which cannot support aggregation level 8 with 1 OFDM symbol duration nor aggregation level 16 with 2 OFDM symbol duration. To solve this issue, NR-U should support an RB-wise offset for frequency domain CORESET allocation.
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Figure 3: 6CRB grid for CORESET configuration

Proposal 2: 
· NR-U should support an RB-wise offset for frequency domain CORESET allocation.

Conclusion
In this contribution we present our views on wideband operation for NR-U operation, and we make the following proposals:

Observation 1: 
· It was agreed that Release 16 NR supports up to 5 CORESET per BWP. It is applicable to NR-U cell.

Observation 2: 
· Although CORESET confined within a subband brings clear benefit, across-subband CORESET configuration also works.

Proposal 1: 
· Rel-16 should allow CORESET configuration such that each CORESET is confined in a respective subband.

Proposal 2: 
· NR-U should support an RB-wise offset for frequency domain CORESET allocation.
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