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1 Introduction

In RAN2#105bis meeting, RAN2 agreed to introduce a mechanism to handle 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

Besides, some consensus was also made regarding SR_COUNTER and power ramping counter:
· The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure
· SR_COUNTER is increased only when SR is successfully transmitted
In this contribution, we give our views on the new mechanism for handling UL LBT failure.
2 Discussion
In RAN2#105bis meeting, it’s agreed to introduce a new mechanism in MAC to handle the UL LBT failure, where “consistent” UL LBT failures are used for problem detection.

Given the agreement, there are still some issues need to be further discussed:

· What does “consistent” UL LBT failures mean?
· What’s the trigger to declare UL LBT problem?

· What’s the UE behaviour if UL LBT problem detected?

2.1 What does “consistent” UL LBT failures mean?
Different from downlink reference detection, UL LBT failure can happen due to any uplink transmission. Normally, the LBT failure should be indicated from physical layer to MAC layer. According to the agreement, these uplink transmissions can at least include SR, RACH and PUSCH.
For SR and PRACH transmission, the PUCCH resources and ROs are periodically configured. So, if there is uplink channel congestion, the UL LBT failures will be periodically indicated from the physical layer to MAC layer.

For PUSCH transmission, it can be either dynamically scheduled by the gNB or configured by gNB. For dynamic scheduling, the PUSCH resources are scheduled by DCI and the LBT category is indicated by DCI. Normally, dynamic PUSCH transmission can share the COT initiated by gNB, it seems the LBT failure will not happen if DCI can be received by the UE. For configured grant, the LBT category is determined by the UE itself, and there could be LBT failure due to UE performing LBT. If there is LBT failure for configured grant, the UL LBT failure indication is also periodic.

From MAC layer perspective, the “consistent” UL LBT failures can be understood as consecutive UL failure indication received from the physical layer. These UL LBT failure indications can be periodic or not periodic depends on whether different uplink transmission procedures can happen simultaneously. For example, during SR transmission, there could be configured grant transmission. 
Observation 1 “Consistent” UL LBT failures can be consecutive UL LBT failure indicated from the physical layer to MAC layer. 
Observation 2 “Consistent” UL LBT failures may not be periodic from MAC perspective.
Proposal 1 RAN2 confirms “consistent” UL LBT failures are consecutive UL LBT failure indicated from the physical layer to MAC layer.

2.2 What’s the trigger to declare UL LBT problem?
Two existing procedures can be referred to when discuss the trigger to declare UL LBT problem: 

RLF triggering procedure

In NR, the reference signal (RS) used by the UE for radio link monitoring is configured by RRC, which are CSI-RS and/or SSB. The physical layer in the UE indicates OOS to higher layer when the radio link quality is worse than the configured threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE indicates IS to higher layers.
In the higher layer (RRC layer), a timer and several counters are configured to count the OOS and IS. If there are several consecutive OOSs are indicated from physical layer, a timer is started. Until the timer expiry, if there are not enough ISs indicated from physical layer, the radio link failure (RLF) is declared. If dual connectivity is configured, and when the RLF is declared in PCell, the UE will perform RRC reestablishment. If RLF is declared in PScell, SCG-RLF procedure is performed. 

As an example shown in the following figure: if N310 consecutive OOS is indicated from physical layer, a timer namely T310 would be triggered. When T310 expires, radio link failure (RLF) will be considered.
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Observation 3 RLF can be triggered if T310 expires, where T310 is triggered due to N310 consecutive OOS. 
Beam failure detection and recovery procedure
In NR MAC, beam failure detection and recovery procedure is defined. When the BFI_COUNTER reaches the maximum value while the beamFailureDetectionTimer is running, UE triggers the beam failure recovery procedure.
Observation 4 Beam failure recovery procedure is triggered if BFI_COUNTER reaches the maximum value while the beamFailureDetectionTimer is running.. 
We think the similar approach as the above two procedures can be adopted to trigger UL LBT problem. Considering the trigger of UL LBT problem will be defined in MAC, we think we can adopt an approach similar as beam failure detection and recovery for triggering the UL LBT problem i.e., by using a counter and timer to declare whether there is a UL LBT problem.

Proposal 2 Upon a maximum number of consecutive UL LBT failure indication is received from the physical layer while a timer is running, the MAC declares UL LBT problem.
Given the motivation of the LBT failure counter is for counting LBT failure, there is no need to differentiate different types of uplink transmission, e.g., preamble transmission, SR etc. Thus, the UL LBT failure counter should be a general counter which is used for count the LBT failure for any type of uplink transmission.
Proposal 3 A UL LBT failure counter is used to count the LBT failure due to any types of uplink transmission.

2.3 What’s the UE behaviour if UL LBT problem is declared?
There could be several options when UL LBT problem is declared:

· Option 1: MAC indicates UL LBT problem to upper layer, it’s the RRC to handle the UL LBT problem, e.g., triggering RLF.
· Option 2: the MAC layer of the UE initiates uplink BWP switch if there are multiple UL BWPs configured. These UL BWP may be located at different UL LBT sub-band. For this option, the UE can switch to another uplink BWP on which the channel condition may different from the previous active one. It’s possible the UE can pass the LBT on this new uplink BWP.
Since UL LBT problem only comes from the 20MHz LBT sub-band and given UE can be configured with multiple UL BWP each occupying different LBT sub-band. It should be discussed upon UL LBT problem declared, whether UE always trigger RLF or it can switch to another UL BWP.
Proposal 4 RAN2 to discuss whether UE always trigger RLF or it can switch to another UL BWP with different LBT sub-band, upon UL LBT problem declared. 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 confirms “consistent” UL LBT failures are consecutive UL LBT failure indicated from the physical layer to MAC layer.
Proposal 2
Upon a maximum number of consecutive UL LBT failure indication is received from the physical layer while a timer is running, the MAC declares UL LBT problem.
Proposal 3
A UL LBT failure counter is used to count the LBT failure due to any types of uplink transmission.
Proposal 4
RAN2 to discuss whether UE always trigger RLF or it can switch to another UL BWP with different LBT sub-band, upon UL LBT problem declared.
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