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1. Introduction

In last meeting, the following agreements have been achieved for frame structure design in NR-U[1]:
Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

· 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

· Note: CCA is declared to be successful or not in multiples of 20 MHz.

· FFS for UL operation including some or all of above options can be applied

· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement:
For unlicensed PCell, the UE assumes single SSB numerology per band.
Agreement:
It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.

Agreement:
The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.

· Option 1: PDSCH(s) as in Rel-15 NR

· Option 2: Punctured PDSCH depending on LBT outcome

· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols

· Option 4: PDSCH across slot boundary

· FFS for signalling details, specification impact, implementation complexity

· Note: Above options are not mutually exclusive.

Agreement:
In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.

Agreement:
· It has been identified that FBE operation for the scenario where it is guaranteed that LBE nodes are absent on a long term basis (e.g., by level of regulation) and FBE gNBs are synchronized can achieve the following.

· Ability to use frequency reuse factor 1

· Lower complexity for channel access due to lack of necessity to perform random backoff

· FFS requirement of synchronization accuracy

· FFS specification impact

· Note: This does not imply that LBE does not have benefits in similar scenarios although there are differences between the two modes of operation

· Note: FBE may also have some disadvantages compared to other modes of operation such as LBE, e.g., a fixed overhead for idle time during a frame.

In this contribution, we will have a further discussion on the design of NR-U wideband operation.
2. Discussions 
Based on the wideband operation discussions in last meetings, for DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered:

· 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

We will give some discussions on these options. The comparisons include performance, implement complexity of gNB and UE, specification efforts and effects on UL operations.
2.1 Option 1a
Option 1a could maximize the bandwidth resource usage efficiency within a wideband carrier. However, Option 1a should support multiple BWPs configured and activated, which are new features for both gNB and UE. To support multiples BWPs activated, multiple transmission schemes should be prepared at gNB side, which is quite similar with the operation of CA. For UE, to support multiple BWPs activated within a carrier, the situation is more complicated.
For UE to support DL multiples BWP activated, there are two parts to be considered: PDCCH monitoring and PDSCH reception. PDCCH monitoring for multiple BWPs activated requires specification works. Besides, whether UE should increase blind detection capabilities to support multiple BWPs activated monitoring or not still needs FFS. For PDSCH reception in multiple BWPs activated, there are still two cases to be considered. One case is one TB for multiple BWPs and the other is one TB for one BWP. For one TB for multiple BWP, there is a high requirement for gNB. Once one BWP could not send PDSCH due to LBT failure, gNB will have to prepare new data with different coding scheme. Comparing with one TB for multiple BWPs, one TB for one BWP is a more reasonable choice. Once one BWP could not send PDSCH due to LBT failure, PDSCH(s) in LBT success BWP could be transmitted without coding scheme changing. 
Proposal 1: If PDSCH reception in multiple BWPs activated is supported for one UE, different BWP should carry different TBs.

For UE with multiple BWPs activated, there will be more flexibility to make uplink transmission adaptation. Besides, All BWPs with PDSCH transmission within a COT could use LBT Cat.2 to make channel access. All these benefits will increase uplink performance. 
Observation 1: Option 1a could maximize NR-U wideband performance at the cost of more specification works and additional UE complexity.
2.2 Option 1b
Comparing with Option 1a, Option 1b constrains gNB to transmit PDSCH on a single BWP for one UE. However, gNB could also schedule different UE’s PDSCH in different active BWPs. Even UE receives PDSCH in one BWP, for other active BWPs, whether UE could perform PDCCH monitoring still needs clarify. It seems contradiction that multiple BWPs activated is configured for one UE, but PDCCH monitoring in these active BWP is not supported. Therefore, once multiple BWPs activated is configured, the difference between Option 1a and 1b is only on the scheduling constraints that if PDSCH transmission for one UE should within one active BWP.
Proposal 2: If UE support multiple BWPs activated but only receiving PDSCH within one active BWP, PDCCH monitoring in multiple BWPs activated should be supported.
Comparing with Option 1a, the challenge of UE complexity of 1b is reduced but there might be some performance loss when there is a large bandwidth but the number of UEs per gNB is low. For the uplink, since multiple BWP is activated, uplink transmission could not be limited to the BWP with PDSCH transmission. 
Proposal 3: When multiple BWPs activated is supported, uplink and downlink data transmission could be in different BWP.
Observation 2: Comparing with Option 1a, Option 1b reduces UE requirements but still requires specification works for multiple BWPs activated.

2.3 Option 2
Option 2 support multiple BWP configured but only one BWP activated. This is the same configuration method as R15 and there are no additional requirements for UE. However, the performance of Option 2 is limited by LBT. Since PDSCH transmission is based on all sub-band LBT results within a BWP, even one sub-band LBT failure will result in the whole BWP PDSCH transmission blocked. Overall, there will be less PDSCH transmission opportunities comparing with other options. The main benefit of Option 2 is less specification works and R15 BWP configurations could be used.
Observation 3: Option 2 minimize gNB and UE requirements and specification works, but at the cost of some performance loss.
2.4 Option 3
Option 3 support partial BWP transmission within one activated BWP. This implies Option 3 has more transmission opportunities and performance advantage than Option 2. However, to support Option 3, more specification works are required, including the design of signal and channel design for partial BWP transmission. For Option 3, downlink scheduling faces a problem that if partial BWP should support multiple TBs transmission. Multiple TBs transmission in one BWP is a new capability comparing with R15 UE. But if one TB is used within one BWP, there will be extra requirements on gNB. 
Observation 4: Option 3 could get better performance but needs more specification works and brings more challenges to UE processing complexity comparing with R15 UE. 
Comparing with different Options, each option has its own advantages. In general, we have the propose that
Proposal 4: the final selection should between Option 1a and Option 2. Option 1b is considered as a subset of Option 1a.

3. Conclusion
In summary, the following observations and proposals are provided:
Observation 1: Option 1a could maximize NR-U wideband performance at the cost of more specification works and additional UE complexity.
Observation 2: Comparing with Option 1a, Option 1b reduces UE requirements but still requires specification works for multiple BWPs activated.

Observation 3: Option 2 minimize gNB and UE requirements and specification works, but at the cost of some performance loss.

Observation 4: Option 3 could get better performance but needs more specification works and brings more challenges to UE processing complexity comparing with R15 UE. 
Proposal 1: If PDSCH reception in multiple BWPs activated is supported for one UE, different BWP should carry different TBs.

Proposal 1: For NR-U, downlink start switching points should also use LBT CAT2 within a COT.

Proposal 2: If UE support multiple BWPs activated but only receiving PDSCH within one active BWP, PDCCH monitoring in multiple BWPs activated should be supported.

Proposal 3: When multiple BWPs activated is supported, uplink and downlink data transmission could be in different BWP.

Proposal 4: the final selection should between Option 1a and Option 2. Option 1b is considered as a subset of Option 1a.
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