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1
Introduction
In RAN2#105 meeting, RAN2 discussed how to handle the UL LBT issues, and made the following agreement [1]:

	· Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 


The contribution discusses how to detect the UL LBT problems in NR-U operations, and also discusses required UE actions upon detection of UL LBT problems.
2
Discussion
2.1
Detection of UL LBT problems

In Rel-15 NR, RAN2 defined a mechanism to detect beam failure problem. In the operation, MAC (re)starts the beamFailureDetectionTimer and increments the BFI_COUNTER by 1 whenever it receives beam failure instance indication from PHY. While the timer is running, if the BFI_COUNTER reaches to the beamFailureInstanceMaxCount, it performs the beam failure recovery procedure.
For the LBT failure detection, the existing mechanism for the beam failure detection can be re-used, but some modifications would be required considering the characteristic of unlicensed bands. That is, the UL LBT problems would be detected only if UE has something (e.g. PUSCH/PRACH/PUCCH) to transmit, which is depicted in Figure 1.
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Figure 1: To re-use the beam failure detection mechanism for the LBT failure detection
From the Figure 1, UE determines UL LBT issue only if it tries to transmit something based on the network scheduling or periodicity of PRACH/PUCCH. However, since the timer keeps restarting, UE would declare UL LBT problems even if the channel is possibly idle in between.
Then, the possible approach to fix the problem would be to not re-start the timer once it has been started.
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Figure 2: To use the modified mechanism for the LBT failure detection
In addition, once UE succeeds to transmit after success of UL LBT, UE may not have to maintain the timer and the counter. That is, UL LBT problems sporadically happen due to the transmission of other devices, and if the problem disappears, then the channel can be considered as usable.
Hence we propose:
Proposal 1:
To use the combination of a timer and a counter to detect the LBT failure problems. 
Proposal 2:
Upon reception of UL LBT failure indication from PHY layer, the counter is incremented by 1 and the timer is started if not running.
Proposal 3:
Upon reception of UL LBT success indication from PHY layer, the counter is reset to 0 and the timer is stopped.
Proposal 4:
If the counter reaches to the configured maximum value while the timer is running, UE declares UL LBT problem.
Proposal 5:
Upon expiry of the timer, UE reset the counter to 0.
2.2
Actions after detection of UL LBT problems

From the agreement last meeting, RAN2 did not discuss much about the actual actions upon detection of LBT problems, but just concluded to lead RLF. However considering the possibly large bandwidth (e.g. 100 MHz) of the gNB in NR, to declare RLF may not be the best solution.
That is, if UE is configured only with a single BWP, then UE would not have any other choice but declare RLF. However, if network operates with a large bandwidth and configures UE several 20 MHz BWP per 20 MHz, then UE can make another choice other than declaring RLF: if UE detects UL LBT problem on the active 20 MHz-width BWP, it would switch its active BWP to another 20 MHz-width BWP, instead of declaring RLF. To perform connection re-establihment would take quite some time comparing BWP switching. Furthermore, to declare RLF would not solve all the problems as UE always performs connection re-establishment on the intial BWP which might be a congested one.
Hence we propose:

Proposal 6:
Upon detection of UL LBT problems, UE declares RLF if it is configured with a single BWP.
Proposal 7:
To discuss UE behaviour upon detection of UL LBT problem when UE is configured with multiple BWPs.
3
Conclusion
Proposal 1:
To use the combination of a timer and a counter to detect the LBT failure problems. 

Proposal 2:
Upon reception of UL LBT failure indication from PHY layer, the counter is incremented by 1 and the timer is started if not running.
Proposal 3:
Upon reception of UL LBT success indication from PHY layer, the counter is reset to 0 and the timer is stopped.
Proposal 4:
If the counter reaches to the configured maximum value while the timer is running, UE declares UL LBT problem.

Proposal 5:
Upon expiry of the timer, UE reset the counter to 0.

Proposal 6:
Upon detection of UL LBT problems, UE declares RLF if it is configured with a single BWP.

Proposal 7:
To discuss UE behaviour upon detection of UL LBT problem when UE is configured with multiple BWPs.
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