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1. Introduction
In RAN2#105, it is agreed on the following related to consistent LBT failure:
· Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 
In RAN2#105bis, it is also agreed to introduce a mechanism to detect and handle ‘consistent’ UL LBT failure:
· 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 RAN2#106 this topic was further discuss, but no agreement has been reached.  It is further discussed in an email discussion. 
In this contribution, we provide further details of the mechanism for detecting and handling such ‘consistent’ UL LBT failure.  
	
2. Discussion
2.1. Detection of consistent UL LBT failures
There is currently no definition of what consistent UL LBT failure really meant. A clear definition is essential before any further discussions on counter, timer, reset criteria, etc.
Observation#1: Currently, there is no definition of consistent UL LBT failure
Thus it is proposed to define consistent LBT failures as the number of contiguous LBT failures which happen over an observation window. In our view, it should not include situations when LBT failures are within a relatively short period of time or separated over a relatively long time duration. 


Proposal#1: Consistent LBT failures is defined as the number of contiguous LBT failures which happen over an observation window. And should not include situations when LBT failures are within a relatively short period of time or separated over a relatively long time duration.
In the email discussion, the UL transmission types that should be taken into consideration for consistent LBT failures (SR, RACH, SRS, etc.) were being discussed.  According to section 4.2.1 in 37.213, the type of transmission is transparent to the LBT procedure as LBT is performed for all UL transmissions regardless of whether it is initiated by MAC or by L1. Therefore, it is proposed to take into consideration all transmission types for the detection, regardless whether the UL transmission is initiated by MAC or via L1.
Proposal#2: Consistent LBT failures should include all types of UL transmissions, both at the MAC and at L1 level.
With all transmission types included, each of these transmission may have different LBT Types and for CAT4 LBT case may have different CAPCs.  Since their capability of grabbing the channel differs from one to the other (e.g. CAT2 LBT only applied a short LBT of 25us, while CAT4(P2) has a LBT that varies between 7-15 WiFI slots).  One way is to have a consistent LBT failure detection mechanism that handle each LBT Type and CAPC separately. However, this means maintaining one counter per LBT type and CAPC may complicates the specification and increase the complexity from UE implementation perspective. An alternative is to use a single counter to count all CAT2 and CAT4(p) failures. Instead of treating each LBT failure as equal, the failure should be weighted according to frequency of grabbing the channel (e.g. LBT failure for CAT2 LBT will have an heavier weight than CAT4(P1) and CAT4(P1) is weighted more than CAT4(P2) and so on. 
Observation 2: The LBT failure among the LBT Types and CAPC are not equal and may result in different weight on the LBT failure indication.
 
An example of such counter can be defined as follow: 
x(t) = [x1(t)+a1(t)*y1(t)+ a2(t)*y2(t)+ a3(t)*y3(t)+ a4(t)*y4(t) +x(t-τ)]*A
where 
x1 it is either 0 or 1 based on whether CAT2 fails or not
a1,a2,a3,a4 represent the weighting factor for CAT4(p1..p4) respectively
y1..y4 is either 0 or 1 based on whether CAT4(p1..p4) fails or not
x(t-τ) is value of counter from previous observation
A is either 0 or 1, depending on whether any LBT succeeds: for instance it is equal to 1 if no LBT has succeeded, and 0 if the LBT has succeeded.  
In order to avoid situations where LBT failures only happen within a relativelty short period of time, the ‘t’ in the counting can be over an observation time, e.g. number of slots depending on the SCS 
The counter is reset (see A in equation) whenever a transmission is successful performed.  Whether the L1 or MAC should handle the counting of the LBT failure can be discussed further, as we see it as more a modelling issue.
Proposal#3: The consistent LBT failures counter is reset whenever a transmission is successfully performed
With a counter mechanism, a threshold  for the counter is needed to determine whether a consistent UL LBT failure has occured. This can be configurable by gNB. When LBT failues counter reaches the threshold, a consistent LBT failure is declared.
Proposal#4: When LBT failues counter reaches the threshold, a Consistent LBT Failure is declared
To avoid contiguous LBT failures that are separated over a relatively long time duration, a timer is needed. 
Proposal#5: A timer is introduced to work together with the Consistent LBT Failure Counter. Let’s call this Consistent LBT Failure Timer.
The timer value can be configure by gNB or choose by UE based on the average contention window size used from the last few LBT failures. Since LBT is performed by the UE, letting it choose the timer value is a more reliable way.  If it is set by the gNB, it will be set according to the QoS requirement of the radio bearer that is being setup. The timer is stopped when a transmission is successfully performed. Hence we proposed:
Proposal#6: The Consistent LBT Failure Timer is stopped when a transmission is successfully performed. How to configure the timer can be further discussed. 
2.2. Handling of consistent UL LBT failure
This has been discussed in the email discussion. The following is provided to further elaborate our view .
The handling or the recovery procedure upon detection of consistent UL LBT failure should be different for which cell has LBT problem:
· RRC connection re-establishment for PCell
· This will trigger cell selection and UE will select a cell according to cell selection procedure.
· This is used in the case where the PCell is having this Consistent LBT failure
· SCG failure indication for PSCell
· UE informs the network about the LBT failure through SCG failure indication if PSCell is the one detecting the consistent UL LBT failure. Network can then take the appropriate action

Proposal#7: The recovery procedure upon detection of consistent UL LBT failure should be the same as RLF  (Consistent LBT failure at PCell will result in re-establishment, while at PSCell will result in SCG Failure reporting)
 


3. Conclusion
It is requested that RAN 2 to discuss and adopt the following observation and proposals:
Observation#1: Currently, there is no definition of consistent UL LBT failure
Proposal#1: Consistent LBT failures is defined as the number of contiguous LBT failures which happen over an observation window. And should not include situations when LBT failures are within a relatively short period of time or separated over a relatively long time duration.
Proposal#2: Consistent LBT failures should include all types of UL transmissions, both at the MAC and at L1 level.
Observation 2: The LBT failure among the LBT Types and CAPC are not equal and may result in different weight on the LBT failure indication Proposal#3: The consistent LBT failures counter is reset whenever a transmission is successfully performed
Proposal#3: The consistent LBT failures counter is reset whenever a transmission is successfully performed
With a counter mechanism, a threshold  for the counter is needed to determine whether a consistent UL LBT failure has occured. This can be configurable by gNB. When LBT failues counter reaches the threshold, a consistent LBT failure is declared.
Proposal#4: When LBT failues counter reaches the threshold, a Consistent LBT Failure is declared Proposal#5: A timer is introduced to work together with the Consistent LBT Failure Counter. Let’s call this Consistent LBT Failure Timer 
Proposal#6: The Consistent LBT Failure Timer is stopped when a transmission is successfully performed. How to configure the timer can be further discussed. 
Proposal#7: The recovery procedure upon detection of consistent UL LBT failure should be the same as RLF  (Consistent LBT failure at PCell will result in re-establishment, while at PSCell will result in SCG Failure reporting)
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