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1 Introduction
The contribution is a revision of R1-1900395.
In RAN1 Ad hoc meeting 1901, the work item of NR-U is started. Regarding the wideband operation, the related agreements are listed below:

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 this contribution, we further discuss the open issues of wideband operation on NR-U and present our views. 
2 Discussion
As mentioned in WID of NR-U, for wideband operation in integer multiples of 20MHz for DL and UL, there are two alternatives:

· Alt 1: multiple serving cells supported by means of CA

· Alt 2: single serving cell with wide bandwidth 

Basically, Alt 1 can fully reuse the functionalities of NR Rel-15 CA, which has no extra spec impact. Therefore, we think Alt 1 is the baseline and should be agreed at the very beginning of WI phase. 
On the other hand, CA-based solution need guard band between two contiguous carriers in same band so as to avoid inter-carrier interference. Compared to Alt 2, Alt 1 may have lower spectrum utilization efficiency. Furthermore, considering LBT is performed in unit of 20MHz, the bandwidth of each carrier in Alt 1 has the constraint of 20MHz so that each carrier can have individual LBT. The maximum supported bandwidth is 320MHz if we take maximum 16 carriers aggregated in CA into account. Obviously, Alt 1 can’t fully use the wide bandwidth in the 6GHz unlicensed spectrum, e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof, as we discussed in SI phase. For purpose of supporting wide bandwidth, if we configure integer multiples of 20MHz bandwidth for each carrier in Alt 1, then same issue happens to Alt 2, i.e., when LBT for a part of a single carrier fails, how to use the remaining part of the single carrier needs to be solved. So we think both Alt 1 and Alt 2 should be supported for NR-U.
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Figure 1: two wideband operations for NR-U

For single wideband carrier for DL transmission, there are 4 options included in TR38.889 based on BWP.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

In previous RAN1 meeting, RAN1 has already agreed that multiple BWPs can be configured, single BWP is activated, and 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). Meanwhile, 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.

Basically, Options 2 and 3 can fully reuse the framework of NR Rel-15 on single activated BWP. Compared to Option 2, Option 3 can be seen as the enhancement of Option 2 in terms of LBT performing. In Option 2, the single activated BWP can be used for PDSCH transmission as long as the LBT for the whole BWP is successful. This may lead to low spectrum utilization efficiency when only a part of the activated BWP, i.e., one subband of 20MHz bandwidth, fails the LBT. Option 3 allows the PDSCH transmission only on the subbands with successful LBT so as to increase the spectrum efficiency. In addition, UE is required only to monitor the single activated BWP, which does not introduce extra blind detection effort for UE compared to Rel-15. From the perspective of gNB’s implementation, single PDSCH version is prepared by gNB. For further lowing the gNB implementation, PDSCH on the LBT failed subbands can be directly punctured. CBG-based retransmission can be used to recovery the punctured part in retransmission, which is well suitable for punctured based transmission. 

Proposal 1: For wideband operation, single PDSCH is prepared by gNB.

Proposal 2: gNB can transmit PDSCH on the subbands with successful LBT. 

Proposal 3: Prepared data for PDSCH on failed subbands is punctured depending on LBT outcome.

Proposal 4: CBG-based retransmission is supported for DL wideband transmission.
For single wideband carrier for UL transmission, there are 4 options included in TR38.889 based on BWP.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE

Similar to DL transmission, we have below proposals:

Proposal 5: For wideband operation, single PUSCH is prepared by UE.

Proposal 6: UE can transmit PUSCH on the subbands of the single activated BWP based on LBT outcome. 

Proposal 7: Prepared data for PUSCH on failed subbands is punctured depending on LBT outcome.

Proposal 8: CBG-based retransmission is supported for UL wideband transmission.
In addition, for wideband DL transmission, the spectrum utilization efficiency of Option 3 is also dependent on CORESET configuration. As shown in the left figure of Figure 2, if the CORESET is not configured within each subband, when LBT for some subbands without CORESET configuration are successful while LBT for the subband with CORESET configuration is failed, then PDSCH on those subbands with successful LBT cannot be transmitted because the associated PDCCH cannot be transmitted due to LBT failure for the subband with CORESET configuration. Hence, the resource on those subbands with successful LBT are wasted. To address this issue, a simple way is to configure one CORESET for each subband and the configured CORESET in frequency domain is confined within the subband. One example is shown in the right figure of Figure 2. In this way, each subband can be used for PDCCH transmission for scheduling associated PDSCH transmission on same subband (i.e., self-subband scheduling) or different subband (cross-subband scheduling) as long as this subband passes LBT test. Meanwhile, in NR Rel-15, up to three CORESETs can be configured for a UE per BWP. When a wideband BWP has a bandwidth of larger than 60 MHz, the number of CORESETs per BWP needs to be increased. 
Regarding the FFS of “whether/how to indicate gNB’s transmitted LBT sub-bands”, it is quite useful for gNB to indicate LBT results of subbands in DCI. This DCI could be a group common DCI for UEs operated on same wideband carrier. Upon detection of this DCI, UE shall know the available subband(s) and skip detection/reception on the subband(s) indicated failed LBT. Considering DCI format 2_0 is a group common DCI used for SFI and still applicable for NR-U, one straightforward solution is to transmit the subband LBT results in DCI format 2_0. Due to the unpredictability of LBT and the reliability of this DCI, the safe way is to transmit this DCI in the CORESET of each subband. 
Proposal 9: Each DL subband is configured with an associated CORESET.

Proposal 10: Indication of DL subband LBT results is supported.
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Figure 2: CORESET configuration for subband operation

3 Conclusion

In this contribution, we focus on the wideband operation and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: For wideband operation, single PDSCH is prepared by gNB.

Proposal 2: gNB can transmit PDSCH on the subbands with successful LBT. 

Proposal 3: Prepared data for PDSCH on failed subbands is punctured depending on LBT outcome.

Proposal 4: CBG-based retransmission is supported for DL wideband transmission.
Proposal 5: For wideband operation, single PUSCH is prepared by UE.

Proposal 6: UE can transmit PUSCH on the subbands of the single activated BWP based on LBT outcome. 

Proposal 7: Prepared data for PUSCH on failed subbands is punctured depending on LBT outcome.

Proposal 8: CBG-based retransmission is supported for UL wideband transmission.
Proposal 9: Each DL subband is configured with an associated CORESET.

Proposal 10: Indication of DL subband LBT results is supported.
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