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Introduction
In RAN#82, a work item on NR-based Access to Unlicensed Spectrum was approved [1]. The corresponding technical report for the study item was also approved in [2]. In RAN2#105bis, the following was agreed for handling persistent UL LBT failure in MAC:
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

This contribution discusses handling UL LBT failures in MAC, including a discussion on how a consistent UL LBT failure can be detected.
Discussion
In NR, RLF due to uplink radio link failures is triggered upon reaching maximum number of re-transmissions indicated by RLC, and upon reaching a maximum number of preamble transmissions resulting in a random-access problem indicated by MAC. However, such triggers may occur too late in an NR-U scenario where load conditions can increase unexpectedly. For this reason, an additional RLF criterion that triggers when the UE fails to access the channel repeatedly should be supported.
Due to hidden nodes, the channel might not be symmetric for UL and DL directions. Therefore, an RLF mechanism based on UL LBT failures should preferably be handled separately from that of the downlink. Moreover, an explicit RLF mechanism based on UL LBT failure is needed given that some MAC counters for UL procedures (e.g. RACH and SR) may not be incremented when UL LBT fails. When a hidden node is present and affecting UL channel acquisition, even though the RSSI or CO measures the interference form the hidden node, the UE may not be able to report this RSSI/CO because it cannot access the channel. Further, given RSSI is reported on periodical basis; the reporting periodicity may not be timely enough for the UE to determine the occurrence of a persistent UL LBT failure and take necessary corrective actions on time (e.g. due to a newly arrived hidden node).
Observation 1: 	Triggering a consistent UL LBT failure event aims to report systematic channel unavailability to the network, e.g. when a hidden node exists in the uplink direction.
Given the aim is to address consistent channel unavailability on the Uplink, which is a common issue for all uplink procedures and signals, the UE can maintain a single counter to count UL LBT failures for all UL procedures and channels. 
Proposal 1: 	MAC maintains a common UL LBT failure counter for all UL channels and procedures to detects a consistent UL LBT failure.
MAC may rely on notifications of UL LBT failure received from the physical layer to qualify what counts as an UL LBT failure. Such notifications were agreed to be provided by the physical layer for UL LBT failures caused by dropping a preamble transmission, an SR transmission, or a transmission on an UL configured grant; as related timers and counters in MAC are not updated when LBT fails for an uplink transmission attempt (e.g. the RAR window timer, the SR prohibit timer, and configured grant timer). Asking RAN1 to support additional notifications for PUSCH transmissions on dynamic grants or CSI-RS need not to be considered, as those would not be qualifiers for a repeated UE-initiated transmission that the gNB is not aware of.  
Proposal 2: 	MAC relies on reception of a notification of UL LBT failure from the physical layer to qualify what counts as an UL LBT failure.
Regarding whether MAC should count all LBT failures resulting from all LBT category types vs. only from certain LBT types (e.g. LBT category type 4), MAC may not know the exact LBT and CCA parameters used by the physical layer, and thus MAC should count all LBT failures equally regardless of the LBT category or CCA parameters used at the physical layer. Furthermore, there is no reason to assume LBT failure of one category to be less pertinent than LBT failure of another category. 
[bookmark: _GoBack]Observation 2: 	Reception of a notification of UL LBT failure from the physical layer may not convey to MAC information on the LBT parameters used in physical layer, such as the congestion window size or the LBT type. Therefore, the LBT type used may be transparent to MAC. 
Depending on the configuration of PUCCH, PRACH, and configured grant resources, the UE may fail UL LBT for a variable number of times within a fixed time interval. In order to avoid prematurely declaring RLF in a short time interval, the UE should only increment the UL LBT counter once per evaluation interval, which can be configured. 
Proposal 3: 	MAC increments the UL LBT failure counter only once per reception of a notification of UL LBT failure within a configured evaluation interval.
To reset the UL LBT failure counter, the UE should reset the counter whenever the UE transmits on any UL channel after a successful UL LBT. This can be achieved by resetting the UL LBT failure counter if no notification of UL LBT failure is received from PHY for an UL transmission expected to receive it in case of UL LBT failure, and whenever a transmission is made on a dynamic grant following a successful LBT.
Proposal 4: 	MAC resets the UL LBT failure counter if UL LBT outcome is successful for any UL transmission. 
Some companies proposed using an additional timer to detect a consistent UL LBT failure on top of using an UL LBT failure counter. However, given MAC receives notifications for UL LBT failures for UL procedures that rely on periodic uplink resources (SR, RACH, and configured grants), configuring an appropriate maximum number of UL LBT failures along with a corresponding evaluation interval is sufficient. 
Observation 3: 	Given MAC receives notifications for UL LBT failures for UL procedures that rely on periodic uplink resources (SR, RACH, and configured grants), there is no need for an additional timer on top of the UL LBT failure counter to detect a consistent UL LBT failure.
When the UL LBT failure counter reaches a configured maximum number of attempts, the UE triggers a consistent LBT failure event and performs recovery actions to inform the gNB of the persistent LBT failure. Upon triggering a consistent LBT failure event, the UE should first attempt to perform random access on a different subband. Once all configured subbands are exhausted, the UE shall trigger RLF.
Proposal 5: 	Upon triggering a consistent LBT failure event, the UE first attempts to perform random access on a different BWP in the same cell in which RACH is configured. Once all configured BWPs are exhausted, the UE shall trigger RLF. 
With respect to the granularity of tracking UL LBT failures in a cell, assuming the UE can select the subband in the active BWP when transmitting a preamble, it makes sense to track UL LBT failures on a BWP granularity, and thus report to the gNB a systematic UL LBT failure considering all subbands in the BWP. The UE shall therefore reset the UL LBT failure counter each time it switches to a different BWP.
Proposal 6: 	The MAC entity resets the UL LBT failure counter upon switching to a different BWP.

Conclusion
In this contribution the following proposals and observations were made on handling UL LBT failures in MAC:
Observation 1: 	Triggering a consistent UL LBT failure event aims to report systematic channel unavailability to the network, e.g. when a hidden node is exists in the uplink direction.
Proposal 1: 	MAC maintains a common UL LBT failure counter for all UL channels and procedures to detects a consistent UL LBT failure.
Proposal 2: 	MAC relies on reception of a notification of UL LBT failure from the physical layer to qualify what counts as an UL LBT failure.
Observation 2: 	Reception of a notification of UL LBT failure from the physical layer may not convey to MAC information on the LBT parameters used in physical layer, such as the congestion window size or the LBT type. Therefore, the LBT type used may be transparent to MAC. 
Proposal 3: 	MAC increments the UL LBT failure counter only once per reception of a notification of UL LBT failure within a configured evaluation interval.
Proposal 4: 	MAC resets the UL LBT counter if UL LBT outcome is successful for any UL transmission. 
Observation 3: 	Given MAC receives notifications for UL LBT failures for UL procedures that rely on periodic uplink resources (SR, RACH, and configured grants), there is no need for an additional timer on top of the UL LBT failure counter to detect a consistent UL LBT failure.
Proposal 5: 	Upon triggering a consistent LBT failure event, the UE first attempts to perform random access on a different BWP in the same cell in which RACH is configured. Once all BWPs are exhausted, the UE shall trigger RLF. 
Proposal 6: 	The MAC entity resets the UL LBT failure counter upon switching to a different BWP.
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