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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 this contribution, we discuss the mechanism to detect and handle 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. The rough definition implied in the various contributions seems to be that there is a high number of consecutive LBT failures while UE is executing an UL procedure (e.g. SR procedure, RACH procedure etc.) and blocking the procedure from succeeding. 
One possible definition for consistent UL LBT failure is that a UL transmission is unable to transmit its transmission occasions due to LBT failure consecutively and/or over a certain time. E.g. if UL transmission is DSR transmission, the transmission occasions are the configured periodic DSR resource.  However such definition would mean that the UE may have to maintain one counter and/or one timer per UL transmission. If there are simultaneous UL transmissions (e.g. multiple UL HARQ process, DSR etc.) , the UE has to maintain multiple counters and/or timers simultaneously. 
Instead of monitoring each UL transmission, another possibility is to monitor all UL transmissions together. In this case, the consistent UL LBT failure is defined as: all UL transmissions are unable to transmit in any UL transmission occasions due to LBT failure consecutively and/or over a certain time.  In this case, only 1 counter and/or timer needs to be maintained by the UE at any one time
Observation#1: There are 2 ways to define consistent UL LBT failure:
1. An UL transmission is unable to transmit in its transmission occasions due to LBT failure consecutively and/or over a certain time
2. All UL transmissions are unable to transmit in any UL transmission occasions due to LBT failure consecutively and/or over a certain time.  
From UE implementation perspective, it would be simpler to maintain just a single counter and/or timer. Hence it is proposed that:
Proposal#1: Consistent UL LBT failure is defined as all UL transmissions are unable to transmit in any UL transmission occasions due to LBT failure consecutively and/or over a certain time.  
As on whether the detection procedure should be a threshold based counter (i.e. threshold is the maximum number of consecutive UL LBT failures), timer or a combination of both, it depends on the amount of transmission occasions for all the UL transmissions occurring. If the transmission occasions for all the UL transmissions are sparse, the threshold based counter approach seems like a good approach to define consistent UL LBT failure. On the other hand, timer based approach may prematurely detect consistent UL LBT failure if the timer is not set appropriately. If the transmission occasions for all the UL transmissions are frequent, the threshold based counter approach may result in detecting consistent UL LBT failure prematurely. On the other hand, a timer based approach may be more suitable in such case.  A combination of both the threshold based counter and timer based approach can take advantage of sparse or frequent transmission occasions:
· The threshold is either configurable or should be adjusted dynamically based on the actual number of transmission occasions, but the timer is the same over time.
· The threshold value is the same over time, but the value of the timer is configurable or dynamically changed by increasing or decreasing it based on the transmission occasions.  

In both cases, whenever the number of UL LBT failure is above the counter threshold at the timer expiry or while the timer is running, the UE will consider the consistent UL LBT failure occurs. Otherwise it will reset the counter and the timer.
Proposal#2: A combination of a threshold based counter and timer based approach should be adopted, and their value is configured or adjusted taking into consideration of the transmission occasions
In order to take into consideration of the amount of transmission occasions, the threshold value and the timer value needs to take into account the type of transmission (e.g. SR, PRACH, CG/PUSCH, dynamic grant/PUSCH) that trigger the LBT.  Other factors that should be taken into consideration are the LBT type and the CAPC in the case of CAT4, as it will affect the length of the LBT backoff (i.e. eCCA state).  This can be provided as part of the RRC configuration in the RRC Reconfiguration message.
Proposal#3: The value setting of the threshold based counter and timer should take into consideration the following factors:
· Transmission type (i.e. SR, PRACH, CG/PUSCH, dynamic grant/PUSCH)
· LBT type
· CAPC for LBT CAT4.
The UE can use the threshold and timer values associated with the first UL transmission that resulted in LBT failure. For example, if SR is the first UL transmission that are blocked because of LBT failure, then the counter and timer value should use the ones for SR transmission type. If CG/PUSCH is the first UL transmission that are blocked because of LBT failure, then the counter and timer value should use the one configured for CG/PUSCH transmission type corresponding CAPC for LBT CAT4.  
2.2. Handling of consistent UL LBT failure
The handling or the recovery procedure upon detection of consistent UL LBT failure should depend on the deployment architecture:
· RRC connection re-establishment at RRC level for standalone and MCG case
· This will trigger cell selection and UE will select a cell with a low RSRQ
· This is used in the case where the PCell is having this consistent and systematic LBT failure
· SCG failure indication at RRC level for SCG case
· 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#4: The recovery procedure upon detection of consistent UL LBT failure should depend on the deployment architecture:
· RRC connection re-establishment at RRC level for standalone and MCG case
· This will trigger cell selection and UE will select a cell with a low RSRQ
· This is used in the case where the PCell is having this consistent and systematic LBT failure
· SCG failure indication at RRC level for SCG case
· 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

As on the information that can be provided for the case where reporting to network is possible (i.e. SCG failure indication or measurement report), we see the following are important parameters to report:

· Serving cell where the consistent and systematic LBT failure occurs
· If wideband operation is supported, the Subband/BWP where the consistent and systematic LBT failure occurs
· CAT Type (e.g. CAT0, CAT2 and CAT4 etc.) and if CAT4, also the channel priority access class
· Transmission Types that trigger the UL LBT failure (e.g. SR, PUSCH, PRACH, PUCCH)

Proposal#5: If reporting to network on consistent UL LBT failure is possible, the following parameters should be included in the report:
· Serving cell where the consistent and systematic LBT failure occurs
· If wideband operation is supported, the Subband/BWP where the consistent and systematic LBT failure occurs
· CAT Type (e.g. CAT0, CAT2 and CAT4 etc.) and if CAT4, also the channel priority access class
· Transmission Type that triggers the UL LBT failure (e.g. SR, PUSCH, PRACH, PUCCH)
3. Conclusion
It is requested that RAN 2 to discuss and adopt the following observation and proposals:
Observation#1: There are 2 ways to define consistent UL LBT failure:
1. An UL transmission is unable to transmit in its transmission occasions due to LBT failure consecutively and/or over a certain time
2. All UL transmissions are unable to transmit in any UL transmission occasions due to LBT failure consecutively and/or over a certain time.  
Proposal#1: Consistent UL LBT failure is defined as all UL transmissions are unable to transmit in any UL transmission occasions due to LBT failure consecutively and/or over a certain time.  
Proposal#2: A combination of a threshold based counter and timer based approach should be adopted, and their value is configured or adjusted taking into consideration of the transmission occasions
Proposal#3: The value setting of the threshold based counter and timer should take into consideration the following factors:
· Transmission type (i.e. SR, PRACH, CG/PUSCH, dynamic grant/PUSCH)
· LBT type
· CAPC for LBT CAT4
Proposal#4: The recovery procedure upon detection of consistent UL LBT failure should depend on the deployment architecture:
· RRC connection re-establishment at RRC level for standalone and MCG case
· This will trigger cell selection and UE will select a cell with a low RSRQ
· This is used in the case where the PCell is having this consistent and systematic LBT failure
· SCG failure indication at RRC level for SCG case
· 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#5: If reporting to network on consistent UL LBT failure is possible, the following parameters should be included in the report:
· Serving cell where the consistent and systematic LBT failure occurs
· If wideband operation is supported, the Subband/BWP where the consistent and systematic LBT failure occurs
· CAT Type (e.g. CAT0, CAT2 and CAT4 etc.) and if CAT4, also the channel priority access class
· Transmission Type that triggers the UL LBT failure (e.g. SR, PUSCH, PRACH, PUCCH)
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