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1. Introduction
This contribution is revised from [1]. Regarding the wideband operation for NR-U, the following agreements were achieved in previous RAN1 meetings. In this contribution, we would like to share our views on UL BWP operation and channel access, considering the case of single carrier with bandwidth larger than 20 MHz.
RAN1#94 [2]
Agreement: 
In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation

RAN1 AH 1901 [3]
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
2. Discussion
UL BWP operation for a wideband carrier
In TR 38.889 [4], similar to DL BWP operation, the following four options are captured to be down selected for UL BWP operation for the case of single carrier with bandwidth larger than 20 MHz.
· 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
As per the agreement above achieved in RAN1 AH 1901 meeting, 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, thus only Option 2 and Option 3 of UL remain to be further studied. 
Similar to DL, Option 3 can achieve higher resource utilization than Option 2, but it has more stringent RF requirements (e.g. adaptation of RF filtering). Therefore, from the perspective of UE complexity, NR-U UL can take Option 2 as the baseline and strive to support option 3. Further study of option 3 could be done after receiving response from RAN4 of the LSs on wideband carrier operation for NR-U.
Proposal 1: For UL BWP operation within a wideband carrier, NR-U takes Option 2 as baseline and strive to support Option 3.
· FFS option 3 after receiving response from RAN4.
Channel access for a wideband carrier
In LTE-LAA, wideband operation is supported by carrier aggregation, and the bandwidth of each component carrier is not wider than 20 MHz. There are two types of channel access in such a multi-carrier case as in the Appendix.
In NR-U, the framework of multi-carrier channel access in LTE-LAA can be reused for a wideband carrier, which requires the less standardization work. As shown in Figure 1, a carrier includes multiple 20-MHz LBT sub-bands, and a LBT sub-band plays a similar role as a carrier in LTE-LAA multi-carrier channel access. Both Type A and Type B can be supported.


Figure 1. Example of multiple LBT sub-bands in an NR-U wideband carrier
Proposal 2: For an NR-U wideband carrier, NR-U needs to support the sub-band LBT based on the framework of LTE-LAA multi-carrier channel access for less standardization work.
· Treat an LBT sub-band as an LTE-LAA carrier, and treat the NR-U wideband carrier as an aggregation of LTE-LAA carriers.
· Support both Type A and Type B.
Additionally, for CWS adjustment, the impacts of adaptive transmission bandwidth need to be studied. An example case is, the data is transmitted on the LBT sub-band 0 as shown in Figure 2, but the next Cat-4 LBT trial may be performed based on the wideband including LBT sub-band 0 and LBT sub-band 1. Then there would be a question that how to determine the reference data and maintain/adjust CWS for the next LBT trial. 

 
Figure 2. Example of available BW after sub-band LBT
Proposal 3: The impacts of adaptive transmission bandwidth on CWS adjustment need to be studied.
3. Conclusions
In this document, UL BWP operation and channel access for a wideband carrier are discussed. Based on the discussion, we have following proposals:
Proposal 1: For UL BWP operation within a wideband carrier, NR-U takes Option 2 as baseline and strive to support Option 3.
· [bookmark: _GoBack]FFS option 3 after receiving response from RAN4.
Proposal 2: For an NR-U wideband carrier, NR-U needs to support the sub-band LBT based on the framework of LTE-LAA multi-carrier channel access for less standardization work.
· Treat an LBT sub-band as an LTE-LAA carrier, and treat the NR-U wideband carrier as an aggregation of LTE-LAA carriers.
· Support both Type A and Type B.
Proposal 3: The impacts of adaptive transmission bandwidth on CWS adjustment need to be studied.
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Appendix
Channel access for transmission on multiple carriers
· Type A
An eNB performs Cat-4 LBT (LBT with random back-off with variable size of contention window) on each unlicensed carrier with potential self-deferral to align the transmissions over multiple carriers.
· Type B
An eNB performs Cat-4 LBT on one of multiple carriers (e.g. CC 2 in Type B of Figure A1), and performs a single interval LBT (25us) on the other carriers.
· The eNB selects a carrier to perform Cat-4 LBT by uniformly randomly choosing from the multiple carriers before each transmission, or
· The eNB selects a carrier no more frequently than once every 1 second.

 
Figure A1. Examples of LTE-LAA multi-carrier access 
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