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1.	Introduction
There were many contributions submitted to RAN2#106 meeting on the mechanism to detect and recover from the consistent UL LBT failures. During the email discussion [106#49], RAN2 further discussed the specific design for the mechanism to detect the consistent UL LBT failure problem. This contribution analyses the scenarios when consistent UL LBT failures occur and proposes a mechanism to detect the consistent UL LBT failures.
[bookmark: _Toc476230925]2.	Discussion
In RAN2#105bis meeting, RAN2 agreed to adopt a mechanism in MAC spec to handle the consistent UL LBT failures at least for UL transmissions of RACH, SR, and PUSCH. There were many contributions submitted to RAN2#106 meeting on the mechanism to detect and recover from the consistent UL LBT failures. Most contributions had a timer component to declare the “consistent” LBT failures, since the “consistent” event had to be observed during a certain time duration, and two types of timer usage are proposed; one is that the timer directly determines the time duration as in radio link failure (RLF) detection, and the other is that the timer indirectly limits the time duration as in beam failure detection (BFD).
Meanwhile, detection of the consistent LBT failure has a different aspect from RLF detection or BFD. RLF detection or BFD is based on the monitoring of a reference signal with a certain periodicity or with a predefined time interval, whereas LBT for UL transmission of RACH, SR, or PUSCH is not performed periodically but performed irregularly according to data activity or resource configuration for the UL transmission. Thus, measuring “consistency” of the successive LBT failures is trickier than RLF detection or BFD.
For example, successive LBT failures occurring in a relatively short time duration hardly seem to be a problem, even if the number of LBT failures within the duration is quite large. The maximum channel occupancy time (MCOT) in the unlicensed spectrum could be as long as 10ms depending on the channel access priority, while the periodicity for a configured grant could be as short as 2 symbols, i.e. 1/14 ms for the case of 30kHz SCS. In worst case, the UE may perform 280 LBTs and suffer from 280 LBT failures even within a single channel occupancy time (COT) occupied by another node. 
Observation 1. Given that the MCOT in the unlicensed spectrum could be as long as 10ms while the periodicity of the CG could be as short as 2 symbols, i.e. 1/14 ms, the UE may suffer from 280 LBT failures even within a COT occupied by another node.
Thus, the mechanism used in BFD is unsuitable to measure the consistency of the LBT failures, because it may declare the consistent LBT failure when the counter value reaches the maximum value regardless of how long the LBT failure has continued to occur. To resolve this problem, some companies suggested to introduce one more timer, i.e. two timers and a counter, to limit the increment of the counter by one UL LBT failure during a certain time period [1][2]. However, since introducing one more timer definitely increases the complexity of the UE implementation, we need to consider whether there is a simpler solution. On the other hand, the RLF-like mechanism declares the problem if the problematic situation continues for an absolute time duration, and it is more suitable to measure the consistency of the LBT failures.
Observation 2. The BFD-like mechanism may declare the consistent LBT failure too early as soon as the counter value reaches the threshold, and adopting one more timer to resolve this problem not only increases the complexity of UE implementation but also requires much specification efforts.
Proposal 1. The timer operation should be designed based on RLF detection mechanism.
However, the successive LBT failures over a relatively long time duration also hardly seem to be a problem, since it cannot be assumed that the medium has been continuously busy between the two time points of successive LBT failures if the time difference between the two LBT failures is too large. This means that the mechanism used in RLF detection may declare the consistent LBT failure problem upon expiry of the timer regardless of how frequently the LBT failure occurs. In this regard, we need to introduce a counter and a threshold for the counter along with a timer to measure how frequently the LBT failure has been occurred.
Proposal 2. In order to correctly declare the consistent LBT failure problem, a timer, a counter, and a threshold for the counter should be configured.
Then, the detection mechanism based on the counter When the UE receives an LBT failure indication, the UE increments the counter by 1 and starts the timer, if not running. When the UE receives an LBT success indication while the timer is running, the UE stops the timer and resets the counter to 0. The UE declares the consistent LBT failure problem, when the timer expires and the counter value is larger than or equal to the threshold. In other words, the UE does not declare the consistent LBT failure as long as the timer is running, or the counter value is smaller than the threshold, or the timer is stopped by implicitly or explicitly receiving an LBT success indication.
Proposal 3. When the UE receives an LBT failure indication, the UE increments the counter by 1 and starts the timer, if not running.
Proposal 4. When the UE receives an LBT success indication while the timer is running, the UE stops the timer and resets the counter to 0.
Proposal 5. The UE declares the consistent LBT failure problem, when the timer expires and the counter value is larger than or equal to the threshold.
FIG.1 shows an example of UE operation based on the proposed detection mechanism. The counter reaches the threshold at t2, but the timer is stopped at t3, since LBT success occurs before the timer expires. Although the counter reaches the threshold again at t4, the UE does not declare the consistent LBT failure because the timer is still running. The timer expires at t5, and, the counter value is larger than the threshold at this time point. Consequently, the UE declares the consistent LBT failure at t5.
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Figure 1

3.	Conclusion
In this contribution, we analysed the scenarios when consistent UL LBT failures occur and proposed the mechanism to detect the consistent UL LBT failures. 
Observation 1. Given that the MCOT in the unlicensed spectrum could be as long as 10ms while the periodicity of the CG could be as short as 2 symbols, i.e. 1/14 ms, the UE may suffer from 280 LBT failures even within a COT occupied by another node.
Observation 2. The BFD-like mechanism may declare the consistent LBT failure too early as soon as the counter value reaches the threshold, and adopting one more timer to resolve this problem not only increases the complexity of UE implementation but also requires much specification efforts.
Proposal 1. The timer operation should be designed based on RLF detection mechanism.
Proposal 2. In order to correctly declare the consistent LBT failure problem, a timer, a counter, and a threshold for the counter should be configured.
Proposal 3. When the UE receives an LBT failure indication, the UE increments the counter by 1 and starts the timer, if not running.
Proposal 4. When the UE receives an LBT success indication while the timer is running, the UE stops the timer and resets the counter to 0.
Proposal 5. The UE declares the consistent LBT failure problem, when the timer expires and the counter value is larger than or equal to the threshold.
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