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Introduction
[bookmark: _Ref494215420][bookmark: OLE_LINK2][bookmark: OLE_LINK3]In RAN1 AH#1901meeting, some agreements are achieved for DL wideband operation [1]:
	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)
· [bookmark: OLE_LINK4]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.




Downlink transmission scheme under wideband operation
COT indication in frequency domain
It was agreed that gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB in the AH1901 meeting. For example, it is a 4-subband case shown in Figure 1 where only sub-band 2 fails the LBT procedure. The information of successful sub-band can be conveyed via GC-PDCCH. From the gNB-side, the GC-PDCCH can only be placed on one of the LBT-success sub-band. From the UE-side, it should monitor GC-PDCCH on each sub-band or only part of sub-bands if configured. 
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]After obtaining the information of LBT-success sub-band, the UE can skip PDCCH detection on these failure sub-bands. 


Figure 1–An example of LBT outcome for 4-sub-band DL
Proposal 1: The information of successful sub-band-index should be carried in GC-PDCCH.
Resource allocation for CORESET/PDCCH 
For wideband operation, we can either confine CORESET within a sub-band, or allow CORESET spanning multi-sub-band with PDCCH candidate confining within a sub-band. Admittedly, both of the two solutions requires some spec-efforts. For the former one, the number of monitoring CORESET within a BWP will be increased proportionally with the number of sub-band. Besides, blind decoding capability should be further re-evaluated. For the latter one, it will impose some restriction on gNB’s scheduling strategy and potentially need to change the CCE/REG mapping/bundling rule. From our view, we prefer only confining CORESET within a sub-band for its flexibility and not introducing any restriction on scheduling.
Proposal 2: Each CORESET should be confined within a sub-band
Transmission for PDSCH 
The method of puncture seems to be the simplest way for PDSCH transmission. Specifically, PDSCH can only be transmitted on the sub-bands passing LBT. Meanwhile, the part of PDSCH mapping to sub-bands not-passing LBT should be punctured. Besides, another solution is that gNB can a priori prepare different kinds of PDSCH mapping to be in accord with different outcome of LBT. For the purpose of reducing gNB’s complexity, we may not support all the sub-band combinations. Instead, we can support only part of the possibilities depending on the response from RAN4, i.e., only contiguous sub-bands can be considered etc. Further, if a large number of sub-bands fail passing LBT, the performance of rate-matching or puncture method should be questioned. Therefore, gNB can further exclude some combinations with limited successful LBT sub-bands. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 3: Both puncture and a priori preparing of multiple PDSCH mapping could be considered for PDSCH transmission.
Uplink transmission scheme under wideband operation
In RAN1#96 offline discussion, some proposals are suggested to have the following modifications for UL wideband part [2]:
	Proposal for agreement:
· For wideband operation in UL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz, for the case where UE performs CCA before UL transmission, narrow-down between
· Alt. 1: Multiple BWPs can be configured, single BWP activated, UE transmits the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· Alt. 2: Multiple BWPs can be configured, single BWP activated, UE transmits whole or part of the PUSCH only over the LBT sub-bands where CCA is successful at UE, among all of LBT sub-bands which include the scheduled PUSCH.
· FFS on the restriction on the transmitted PUSCH resource e.g., PUSCH transmission spanning only contiguous LBT sub-bands
· FFS for the configured grant PUSCH
· FFS for PUCCH
· Note: It does not preclude that different alternatives are chosen for different use cases including e.g., configured grant PUSCH, Cat1 LBT.



The advantage of Alt.2 is obvious for its efficient resource utilization and less specification effort. As shown in Figure.2, there are 4 sub-bands scheduled by UL grant for UL transmission. But it turns out only a subset of the sub-bands pass the LBT. In this case, according to Alt.2 UE shall execute UL transmission on the sub-bands passing LBT. Naturally, there could be a mismatch on the number of scheduled RBs and the actual transmitted RBs. To solve this issue, both puncture and rate-matching methods are feasible for Alt.2. Nevertheless, the flaws of the two methods are also similar and obvious. By adopting puncture method, too many punctured resource will inevitably introduce performance degradation. Meanwhile, if UE uses rate-matching method on the 3 LBT-success sub-bands, the actual code-rate may be increased and also lead unreliable transmission. From our understanding, both puncture and rate matching methods could be considered. Meanwhile, it is also necessary to study how to guarantee reliable transmission after applying the above two methods. 
[image: ]
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 2 –Illustrations for LBT on Single carrier wideband transmission
Proposal 4: Support Alt.2： Multiple BWPs can be configured, single BWP activated, UE transmits whole or part of the PUSCH only over the LBT sub-bands where CCA is successful at UE, among all of LBT sub-bands which include the scheduled PUSCH.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 5: Both rate matching and puncture methods should be considered in UL wideband transmissions.
Meanwhile, in order to correctly decode PUSCH under assumption of Alt.2, the information of successful sub-band-index should be known at gNB. As a solution, the sub-band-index information could be included in PUCCH and transmitted on LBT-success sub-bands. To be a premise, the PUCCH resource could a priori be configured via sub-band-level.
Proposal 6: The information of successful sub-band-index should be carried in PUCCH.
Based on our analysis, the actual uplink code-rate may show great difference compared with the one gNB expected. Besides rate-matching and puncture method, we could also consider adaptive adjustment of uplink CBG numbers. So as to avoid severe code-rate fluctuation, the number of CBG to be transmitted could be proportional to the number of sub-bands with successful LBT. As a matter of fact, NR already supports UL CBG-based transmission, but not for initial transmission. For NR-U, it is also beneficial to introduce CBG-based initial transmission, and the detailed procedures need to be studied.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 7: It is beneficial to introduce CBG-based initial transmission, and the relevant studies are needed.

Conclusion
[bookmark: _GoBack]In this contribution, we have discussed DL BM enhancement, multi-beam based UL operation, measurement and reporting of L1-SINR and BFR for SCell. The following observations and proposals are achieved:
Proposal 1: The information of successful sub-band-index should be carried in GC-PDCCH.
Proposal 2: Each CORESET should be confined within a sub-band.
Proposal 3: Both puncture and a priori preparing of multiple PDSCH mapping could be considered for PDSCH transmission.
Proposal 4: Support Alt.2： Multiple BWPs can be configured, single BWP activated, UE transmits whole or part of the PUSCH only over the LBT sub-bands where CCA is successful at UE, among all of LBT sub-bands which include the scheduled PUSCH.
Proposal 5: Both rate matching and puncture methods should be considered in single carrier UL wideband transmissions.
Proposal 6: The information of successful sub-band-index should be carried in PUCCH.
Proposal 7: It is beneficial to introduce CBG-based initial transmission, and the relevant studies are needed.
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