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1. Introduction

This contribution is revised from [1]. Regarding the channel access for NR-U, the following agreements were achieved in previous RAN1 meetings [2-5]. According to the agreements, wideband operation can be supported by configuring a single carrier with bandwidth larger than 20 MHz, i.e. integer multiples of 20 MHz. It is significantly different from LTE-LAA, in which the wideband operation is supported by carrier aggregation, and the bandwidth of each component carrier is 20 MHz. In this contribution, we would like to discuss the channel access for the case of single carrier with integer multiples of 20 MHz.
Agreement:
· Study possible enhancements for HARQ operation 

· Study changes needed for Configured Grant support in NR-U

· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 

· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms

· Techniques to cope with directional antennas/transmissions

· Receiver assisted LBT : RTS/CTS type mechanism

· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 

· Techniques to enhance spatial reuse 

· Preamble detection

· Enhancements to baseline LBT mechanisms above 7 GHz

· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 

· Note: Other aspects are not precluded from being included

Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 

· Further enhancements not precluded 

· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 

· Further enhancements not precluded 

· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

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
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.
2. Discussion
As noted above, in LTE-LAA, wideband (bandwidth greater than 20 MHz) operation is supported by carrier aggregation, and the bandwidth of each component carrier is 20 MHz. There are two types of channel access in such a multi-carrier case.
· 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 1), 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.
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Figure 1. Examples of LTE-LAA multi-carrier access 
For a single carrier with integer multiples of 20 MHz in NR-U, the framework of multi-carrier LBT in LTE-LAA can be reused, which requires the less standardization work. As shown in Figure 2, 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 LBT.
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Figure 2. Example of multiple LBT sub-bands in a carrier
Proposal 1: For a single carrier with integer multiples of 20 MHz, NR-U needs to support the sub-band LBT based on the framework of LTE-LAA multi-carrier LBT for less standardization work.
· Each LBT sub-band is similar to a carrier in the multi-carrier LBT scenario of LTE LAA.
If a carrier includes multiple LBT sub-bands, each LBT sub-band may or may not be available for data transmission after LBT. Considering the BWP-based operation in such case, the following 4 options for DL operation was given in RAN1#94b meeting to 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

Among the options above, Option 1a, Option 1b and Option 3 can achieve better resource utilization due to bandwidth adaptive to sub-bands CCA results, in the price of potential more stringent RF requirements (e.g. adaptation of RF filtering). However, Option 1a and Option 1b need further support of multiple active BWPs. It may require much more standardization efforts. Therefore, Option 3 can be supported for better resource utilization and Option 2 can be supported for less stringent RF requirements. 
Proposal 2: For BWP-based operation within a carrier with bandwidth larger than 20 MHz, support Option 3 for better resource utilization and Option 2 for less stringent RF requirements.
Considering PDCCH transmission under the assumption of bandwidth adaptive to sub-bands CCA results, one PDCCH should be confined within a LBT sub-band to avoid the transmission blocking. Because if one PDCCH locates across 2 or more LBT sub-bands, once one of the LBT sub-band is identified as busy, the PDCCH cannot be transmitted as a whole. 
Proposal 3: One PDCCH should be confined within a LBT sub-band to avoid the transmission blocking due to the sub-band based LBT.
Furthermore, the impacts of adaptive bandwidth on CWS adjustment may also need to be studied. An example case is, the data is transmitted on the sub-band 0 as shown in Figure 3, but the next Cat-4 LBT trial may perform based on the wideband including sub-band 0 and sub-band 1. Then there may be a question that how to determine the reference data and maintain/adjust CWS for the next LBT trial.
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Figure 3. Example of available BW after sub-band LBT
Proposal 4: The impacts of adaptive bandwidth on CWS adjustment need to be studied.
3. Conclusions

In this document, some considerations on channel access for a single carrier with integer multiples of 20 MHz are presented. Based on the discussion, we have following proposals:
Proposal 1: For a single carrier with integer multiples of 20 MHz, NR-U needs to support the sub-band LBT based on the framework of LTE-LAA multi-carrier LBT for less standardization work.
· Each LBT sub-band is similar to a carrier in the multi-carrier LBT scenario of LTE LAA.
Proposal 2: For BWP-based operation within a carrier with bandwidth larger than 20 MHz, support Option 3 for better resource utilization and Option 2 for less stringent RF requirements.
Proposal 3: One PDCCH should be confined within a LBT sub-band to avoid the transmission blocking due to the sub-band based LBT.
Proposal 4: The impacts of adaptive bandwidth on CWS adjustment need to be studied.
References

[1] R1-1810588, On channel access procedure for NR-U, Fujitsu.

[2] Chairman's Notes RAN1_92bis_final, 3GPP TSG RAN WG1 Meeting #92bis, April 2018.
[3] Chairman's Notes RAN1_93_final, 3GPP TSG RAN WG1 Meeting #93, May 2018.

[4] Chairman's Notes RAN1_94_final, 3GPP TSG RAN WG1 Meeting #94, Aug. 2018.
[5] Chairman's Notes RAN1_94b_final, 3GPP TSG RAN WG1 Meeting #94b, Oct. 2018.
1

_1595268544.vsd
LBT sub-band 3 


LBT sub-band 2 


LBT sub-band 1 


LBT sub-band 0 


A carrier 


20 MHz



_1602676054.vsd
LBT


Data


idle


busy


LBT sub-band 0


LBT sub-band 1



_1595268108.vsd
CC 1 (Cat-4 LBT)


CC 2 (Cat-4 LBT)


CC 3 (Cat-4 LBT)


CC 4 (Cat-4 LBT)



