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1 Introduction
In the last meeting [1], the following agreement about UL LBT failure handling was achieved.

· Adopt a mechanism in MAC spec to handle the UL LBT failure, where “consistent” UL LBT failures (at least for UL transmissions of SR, RACH, PUSCH) are used for problem detection

In this contribution, we will further analyse the handling of UL LBT failures including consecutive LBT failures as well as inconsecutive LBT failures.
2 Discussion
2.1 Consecutive UL LBT failures handling mechanism
There are several proposed solutions for UL LBT failures handling in the past meetings. We will give some analysis about these candidate solutions in this section.
· Option 1: Mechanism reusing beam failure detection procedure
The beam failure detection procedure can be reused for LBT failures detection as proposed by some companies [2]. The beam failure detection procedure is described in the MAC specification [3]:

>
if beam failure instance indication has been received from lower layers:

2>
start or restart the beamFailureDetectionTimer;

2>
increment BFI_COUNTER by 1;

2>
if BFI_COUNTER >= beamFailureInstanceMaxCount:

3>
initiate a Random Access procedure (see subclause 5.1) on the SpCell.

1>
if the beamFailureDetectionTimer expires; or

1>
if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers:

2>
set BFI_COUNTER to 0.

Therefore, the UL LBT failures handling mechanism reusing beam failure detection procedure can be described as the following:

when the UL LBT failure indication is received from lower layer, an UL LBT timer will be started or restarted and the UL LBT counter will be incremented by 1. If the UL LBT counter is equal to or above the ULLBTcounterMaxCount, the consistent UL LBT failures event will be declared and the UL LBT failure recovery procedure will be triggered. Meanwhile, if the UL LBT timer expires, the UL LBT counter will be reset to zero. Therefore, when the consistent LBT failures occurred, it can be detected by this mechanism and the UL LBT failure recovery procedure will be triggered as a result.
· Option 2: Mechanism similar to RLM
Another candidate solution for UL LBT failure handling is similar to the RLM mechanism [4]. E.g. if maximum number of consistent UL LBT failures has been reached within a configured time, the consistent UL LBT failures event will be declared and UL LBT failure recovery procedure will be triggered, e.g. RRC Reestablishment procedure.
Regarding the UL LBT failures handling mechanism should cover the UL transmissions at least including the SR, RACH, PUSCH, where the UL transmission occasions may be aperiodic. In our understanding, the consistent LBT means the LBT occasions are continuous and should have small interval in time domain. If one interval between two UL transmission occasions is longer than a defined threshold, the LBT failures prior to the second transmission and the LBT failures of/after the second transmission will be independent, because the channel may be idle during this interval. The number of these two LBT failures should not be counted together. As depicted in Figure1, the interval between the fifth LBT and sixth LBT is longer than one threshold, the first consecutive LBT failures and the second consecutive LBT failures should not counted together, i.e. they should be regarded as two independent consecutive LBT failures.
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 Figure 1 Long interval between LBT occasions
Observation 1: The LBT failures should be regarded as separated consecutive LBT failures if the interval between UL transmissions is longer than a defined threshold.
Observation 2: The feature of long interval between UL transmissions should be considered in the consistent UL LBT failures detection.
In the option1, the UL LBT counter will be reset to zero when the UL LBT timer expires which is appropriate to handle the LBT failures in the case of long interval. While in the option2, the LBT failures will be counted within the configured time without considering the size of the interval between the LBT occasions.
Observation 3: Mechanism reusing beam failure detection procedure is appropriate for the UL LBT failures handling considering the long interval between UL transmissions.

Proposal 1: Mechanism reusing beam failure detection procedure is used to detect the consistent UL LBT failures event.
2.2 Considerations on inconsecutive LBT failures handling
The consistent UL LBT failures handling has been discussed in the above section and mechanism reusing beam failure detection procedure is preferred. However, the inconsecutive LBT failures may occur which will do harm to the performance also. In this section, the inconsecutive LBT failures handling issue will be discussed.
In the last meeting [1], the related agreements were achieved:

· The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure
· SR_COUNTER is increase only when SR is successfully transmitted
Therefore, the transmission counter in the UL transmissions (RACH and SR) will not be incremented when the LBT for corresponding UL transmission failed.
· Case1: Inconsecutive LBT failures
As depicted in Figure 2, the Max-UL TRANSMISSION_COUNTER is 10 and MAX-Consecutive LBT failure COUNTER is 8.  In the scenario depicted in Figure 2, the successful UL transmission counter is 7 which is below the Max-UL TRANSMISSION_COUNTER, and during this duration an inconsecutive LBT failures happened, which consists of segments of two consecutive UL LBT failures where the first consecutive UL LBT failure number is 3 and the second consecutive UL LBT failure number is 2, both are not below the MAX-Consecutive LBT failure COUNTER. Therefore, the failure indication will not be generated because the successful UL transmission counter is below the Max-UL TRANSMISSION_COUNTER and the consistent UL LBT failures event will not be declared because the consecutive LBT failures counter is below MAX-Consecutive LBT failure COUNTER. However, in this situation the too long duration of the UL procedure will occur and degrade the performance.
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  Figure 2 Inconsecutive LBT Failures Scenario
Observation 4: The inconsecutive LBT failures consist of many segments of consecutive LBT failures.
Observation 5: The consistent UL LBT failures event will not be declared if any of the consecutive LBT failures numbers within does not reach the maximum number.

Observation 6: Too long duration of UL transmission procedure will occur when both the successful UL transmission counter and the consecutive LBT failures counter are below their corresponding maximum values.
· Case2: Long interval between UL transmissions
As discussed in the above, the LBT failures should be regarded as separated consecutive LBT failures if the interval between UL transmissions is longer than a defined threshold. If the mechanism reusing beam failure detection procedure is agreed to detect the LBT failures, the UL LBT timer may expire if the interval between UL transmissions is longer than a defined threshold and the UL LBT counter will be reset to zero. As a result, the consistent UL LBT failures event will be declared too late or even will not be declared at all. Consequently, the too long duration of the UL procedure will occur and degrade the performance. This scenario can be regarded as another type of inconsecutive LBT failures.
Observation 7: Too long duration of UL transmission procedure will occur when the interval between UL transmissions is longer than a defined threshold if the mechanism reusing beam failure detection procedure is applied.
In order to resolve this problem occurred in these two cases, a simple mechanism is to introduce a new timer for specific UL transmission procedure. The timer starts when the UL transmission is initiated and if the UL transmission procedure is not complete when the timer expires, a failure indication of the UL transmission procedure will be generated. When the UL transmission procedure finished, the running timer will be stopped. The mechanism can be applied for all the UL transmission procedures including the random access and SR. 
Specifically, for the random access procedure, when the timer expires, the random access failure indication will be generated which may trigger an RLF event. For the SR procedure, when the timer expires, the SR failure indication will be generated which will trigger the release of the PUCCH resource and initiation of random access procedure.
Proposal 2: A new timer is introduced for UL transmission procedure to handle the inconsecutive UL LBT failures and an UL transmission failure indication will be generated when the timer expires.
3 Conclusion

In this contribution, we discussed the handling of UL LBT failures including consecutive LBT failures and inconsecutive LBT failures. In particular, we have the following proposals:
Observation 1: The LBT failures should be regarded as separated consecutive LBT failures if the interval between UL transmissions is longer than a defined threshold.

Observation 2: The feature of long interval between UL transmissions should be considered in the consistent UL LBT failures detection.
Observation 3: Mechanism reusing beam failure detection procedure is appropriate for the UL LBT failures handling considering the long interval between UL transmissions.

Proposal 1: Mechanism reusing beam failure detection procedure is used to detect the consistent UL LBT failures event.

Observation 4: The inconsecutive LBT failures consist of many segments of consecutive LBT failures.

Observation 5: The consistent UL LBT failures event will not be declared if any of the consecutive LBT failures numbers within does not reach the maximum number.
Observation 6: Too long duration of UL transmission procedure will occur when both the successful UL transmission counter and the consecutive LBT failures counter are below their corresponding maximum values.
Observation 7: Too long duration of UL transmission procedure will occur when the interval between UL transmissions is longer than a defined threshold if the mechanism reusing beam failure detection procedure is applied.
Proposal 2: A new timer is introduced for UL transmission procedure to handle the inconsecutive UL LBT failures and an UL transmission failure indication will be generated when the timer expires.
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