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Introduction
In RAN2#105 handling of LBT failures was discussed. As a result, RAN2 concluded with the following agreement:
[bookmark: _Hlk3889282]Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 


In this contribution we review the agreement and further discuss the effect of LBT failures on MAC procedures.

Discussion
When companies consider the effect of LBT failures on MAC “systematic” LBT failures is often referred to. There seems to be some confusion of what systematic failures are. In this context systematic is defined as failures that are “marked by thoroughness and regularity”, and synonyms are “orderly, organized, and regular” [1]. It could therefore be inferred systematic LBT failures are continuous over some relatively long period of time. In our view this is not a very accurate representation of how LBT failures will often occur and could be misinterpreted.
LBT failures are a result of congestion. Congestion may vary significantly over time and result in short occasional periods of congestion. LBT failures do not always occur continuously for long periods of time. It is therefore not surprising use of the term systematic to describe LBT failures can cause some confusion.
Proposal 1: UE procedures for proper handling of LBT failures should consider both occasional short periods of failures and long periods of consistent failures.

The discussion in RAN2#105 on handling LBT failures seemed to focus on long periods of consistent failures and the need to invoke RLF in this case. The agreement from RAN2#105 is not so clear. “Consistent LBT failures can lead to RLF” may imply there could be an LBT failure criteria for declaring RLF, but “consistent failures can currently eventually lead to RLF” implies RLF will be declared anyway for failed UL transmissions without any new UL LBT failure criteria. Our interpretation is since consistent failures will lead to RLF no additional criteria for declaring RLF based on UL LBT failure is needed, but maybe this should be clarified. 
Proposal 2: No new criteria for declaring RLF based on UL LBT failures will be introduced.

Not introducing additional criteria does not mean we will not modify existing criteria for declaring RLF. For example, the existing RLM criteria for detecting in-sync and out-of-sync indications may need to be modified since reference signals may be blocked by DL LBT failures. We should consider not treating RLM reference signals lost due to LBT failure as criteria for generating out-of-sync indications and we should consider a new indication separate from out-of-sync for RLM reference signals not detected due to LBT failure.
Proposal 3: Existing RLM criteria for declaring RLF needs to be modified to address DL LBT failures

The discussion and agreement from RAN2#105 is mainly considering the case of consistent LBT failures over relatively long periods of time. Clearly in this case RLF should and will be declared, and it could be envisioned that this will address effects of LBT failures on UE procedures. But in our view, this only addresses the case where LBT failures are consistent over long periods and does not address the effect of occasional relatively short periods of LBT failures.
Occasional relatively short periods of LBT failures should not result in failure of MAC procedures. If we do not have consistent LBT failures, MAC procedures should allow for the same number of transmission opportunities as are allowed for licensed operation. Otherwise these MAC procedures will unnecessarily fail.
For example, it has been agreed by RAN1 that preamble power ramping should not be applied upon LBT failures. If the PREAMBLE_TRANSMISSION_COUNTER is incremented upon LBT failures it may reach preambleTransMax before transmit power is sufficiently ramped to reach the gNB, which will result in unnecessarily considering the Random Access procedure unsuccessful and declaring RLF. We could consider configuring a large preambleTransMax for unlicensed operation, but this would result in undesirable consequences when LBT failures do not occur (i.e. more power/interference, longer time to declare RLF…).  
Another example is the Scheduling Request (SR) procedure. The network configures sr-TransMax to allow for a sufficient number of SR transmissions to ensure gNB reception. If upon LBT failures the SR_COUNTER is incremented we will reach sr-TransMax before reception is ensured, which will result in unnecessarily releasing PUCCH, SRS and initiating a Random Access procedure. We consider configuring a large sr-TransMax for unlicensed operation but this would also result undesirable consequences when LBT failures do not occur (i.e. longer time to recover from failed PUCCH…).          

When LBT failures are not continuous of long periods of time, it is desirable that MAC procedures in unlicensed operation offer the same level of performance as in licensed operation. To accomplish this, it is necessary for MAC procedures to only count transmissions when they actually occur.
Proposal 4: MAC procedures in unlicensed operation should offer the same level of performance as in licensed operation.
Proposal 5: MAC procedures only count transmissions that actually occur.
Proposal 6: The physical layer indicates LBT failure and/or success to the MAC layer.

Another issue is the setting of prohibit timers. Prohibit timers are used to control the frequency of MAC transmissions. When an SR or PHR is transmitted specifically configured prohibit timers are set to delay subsequent transmissions. But this operation assumes the transmission actually occurred. If MAC procedure prohibit timers are set for transmissions blocked by LBT failures SR’s, BSR’s, and PHR’s will be unnecessarily delayed which will result in a significant reduction in system performance. 
Proposal 7: MAC procedure prohibit timers are not set when transmissions are blocked by LBT failures.

One open issue is how and when is the MAC made aware of LBT failures. Existing MAC procedures increment transmission counters and set prohibit times when transmissions are provided to the physical layer. Incrementing transmission counters and setting of prohibit timers need to be affected only after LBT success has been determined, or counters could be decremented and prohibit timers cleared if LBT failure has been determined. We think this choice and how to affect the MAC specification can be decided in later stage 3 discussions.

If LBT failures of MAC procedure transmissions (i.e. RA, SR…) are not counted we need to ensure MAC procedures do not stall. Not counting LBT failures may extend the duration of MAC procedures. It is necessary as discussed above to allow the same number of transmission attempts and similar performance of MAC procedures as in licensed operation when occasional LBT failures occur. In the case long periods of consistent LBT failures occur the MAC procedure may stall indefinitely. In this case it is necessary to have a mechanism to terminate the MAC procedure.
Proposal 8: A new LBT failure criteria is introduced to MAC procedures (i.e. RA, SR…) to ensure procedures do not stall.

It has been proposed to introduce new RLF detection criteria based on LBT failures. As discussed above this is not necessary as transmission failures will ultimately lead to RLF anyway. But regardless we should ensure existing MAC procedure functionality is maintained. For example, when SR transmission is unsuccessful PUCCH resources are released and a RA procedure is initiated. In our view it is simpler and will have less specification impact to have the same actions taken for LBT failures reaching a configured threshold as are currently taken for reaching the existing maximum transmission threshold.
One advantage of this approach is the network can configure different thresholds for transmission maximum and LBT failure thresholds. For example, it would be useful to have a different threshold for PUCCH transmission failures and LBT failures so that there may be more or less resiliency for each failure criteria. 
Proposal 9: Upon reaching an LBT failure threshold the same actions are taken by MAC procedures as if maximum transmission thresholds are reached. 

Conclusion
The effect of LBT failures on MAC procedures have been reviewed in this document. As a result the following is proposed:
Proposal 1: UE procedures for proper handling of LBT failures should consider both occasional short periods of failures and long periods of consistent failures.
[bookmark: _GoBack]Proposal 2: No new criteria for declaring RLF based on UL LBT failures will be introduced.
Proposal 3: Existing RLM criteria for declaring RLF needs to be modified to address DL LBT failures
Proposal 4: MAC procedures in unlicensed operation should offer the same level of performance as in licensed operation.
Proposal 5: MAC procedures only count transmissions that actually occur.
Proposal 6: The physical layer indicates LBT failure and/or success to the MAC layer.
Proposal 7: MAC procedure prohibit timers are not set when transmissions are blocked by LBT failures.
Proposal 8: A new LBT failure criteria is introduced to MAC procedures (i.e. RA, SR…) to ensure procedures do not stall.
Proposal 9: Upon reaching an LBT failure threshold the same actions are taken by MAC procedures as if maximum transmission thresholds are reached. 
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