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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

In RAN2#107bis, the following was further agreed:
L2 LBT failure mechanism take into account any LBT failure regardless UL transmission type. 
The UL LBT failure mechanism will have the same recovery mechanism for all failures regardless UL transmission type
UL LBT failures are detected per BWP
The UE will report the occurrence of consistent UL LBT failures on PSCell and SCells. The assumption is to reuse SCell failure reporting for BF
Baseline Mechanism, further enhancements not precluded: 
A “threshold” for the maximum number of LBT failures which triggers the “consistent” LBT failure event will be used. 
Both a timer and a counter are introduced, the counter is reset when timer expires and incremented when UL LBT failure happens
The timer is started/restarted when UL LBT failure occur. 

This contribution discusses handling UL LBT failures in MAC, including a discussion on how a consistent UL LBT failure can be detected and recovery actions.
Detection of a consistent UL LBT Failure
Due to hidden nodes, the channel might not be symmetric for UL and DL directions. A link maintenance and failure mechanism based on UL LBT failures is thus be handled separately from RLM/RLF on the downlink. Therefore, a mechanism for detecting and reporting a consistent UL LBT failure is needed given that some MAC counters for UL procedures (e.g. RACH and SR) are not be incremented when UL LBT fails, thus causing the UE to stall. For this reason, an additional failure reporting criterion that triggers when the UE fails to access the channel repeatedly is supported.
Observation 1: 	Triggering a consistent UL LBT failure event aims to report and recover from a systematic channel unavailability, e.g. when a hidden node exists in the uplink direction.
As agreed in RAN2#107, to detect a consistent UL LBT failure, the UE maintains a counter and timer, whereby the UE increments the counter and resets the timer at each UL LBT failure. The UE resets the counter upon timer expiry. Once the counter reaches a configured maximum threshold, the UE triggers a consistent UL LBT failure and carries recovery actions. 
To increment the UL LBT failure counter, MAC can rely on notifications of UL LBT failure received from the physical layer. 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. The physical layer may provide additional UL LBT failure notifications for other UL signals and channels for which LBT failure counting is applicable.
Proposal 1: 	MAC relies on reception of a notification of UL LBT failure from the physical layer to detect a consistent 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. 
Observation 2: 	The LBT type used can be transparent to MAC, as a notification of UL LBT failure from the physical layer does not need convey additional information (e.g. LBT parameters used in physical layer, such as the congestion window size or the LBT type). 
One concern voiced in RAN2#107 is triggering a consistent UL LBT failure prematurely, e.g. when the counter is incremented rapidly within a short period of time. 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. As per TS 36.213, a single MCOT can last up to 10 ms, which is ample time to reach the number of LBT failure threshold, e.g. when a configured grant or an SR configuration is configured with periodicity at the symbol level. Therefore, in order to avoid prematurely declaring a consistent LBT failure in a short time interval, the UE should only increment the UL LBT counter once per evaluation interval, which can be configured. 
Proposal 2: 	MAC increments the UL LBT failure counter only once per reception of a notification of UL LBT failure within a configured evaluation interval.
In addition to resetting the UL LBT failure counter upon expiry of the detection timer, 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. It can be argued that N success occurrences can be observed before resetting the counter, i.e. similar to resetting the BFD counter, but this can be unnecessary as the channel is longer consistently unavailable upon succeeding a single LBT.
Proposal 3: 	MAC resets the UL LBT failure counter if UL LBT outcome is successful for any UL transmission. 
With respect to the granularity of tracking UL LBT failures in a cell, it was agreed in RAN2#107 that UL LBT failures are detected per BWP. The UE may either maintain a detection procedure and corresponding timer and counter per BWP or reset these detection parameters upon switching to another BWP. Given the UE has a single active BWP at a time, it is simpler to maintain a single set of detection parameters and reset them upon switching BWPs. 
Proposal 4: 	The MAC entity resets the UL LBT failure counter upon switching to a different BWP.
Proposal 5: 	The MAC entity resets the UL LBT failure detection timer upon switching to a different BWP.
Recovery from 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, recovery action can either rely on:
· Initiating RA on a different BWP: the UE attempts to perform random access on a different subband. Once all configured subbands are exhausted, the UE shall trigger re-establishment if the consistent UL LBT failure was detected on the SpCell. This is desirable, especially since there may be another unoccupied BWP the UE could switch to without going through the re-establishment procedure.
· Triggering RLF: the UE triggers RLF right away, which also triggers a new RA procedure to transmit an RRC reestablishment request on the initial BWP. However, with such reestablishment RA, the UE attempts on a single BWP (the initial BWP), though the channel can be unoccupied on other BWPs. If such re-establishment attempt fails on that BWP, the UE goes to IDLE mode and releases its RRC configurations, which is not desired when another BWP is available. Further, the UE could have detected a consistent LBT failure on the same BWP on which re-establishment RA is initiated.
Proposal 6: 	Upon triggering a consistent UL LBT failure event, the UE first attempts to perform random access on a different BWP in the same cell in which RACH is configured. 
Proposal 7: 	Once all configured BWPs are exhausted, the UE shall trigger RRC re-establishment procedure if the consistent UL LBT failure was detected on the PCell. 
It was also agreed in RAN2#107 that the UE reports a consistent UL LBT failures event on PSCell and SCells. The assumption is the UE report the even using a similar mean for SCell failure reporting for beam failure, which relies on providing a failure reporting MAC CE on a different cell. The MAC CE may contain information on the cell and subband on which the failure event was detected.
Proposal 8: 	The UE reports a consistent UL LBT failure event on a different cell using a failure reporting MAC CE, which contains the cell and subband on which the failure event was detected.
When the UE does not have a grant on the cell on which the MAC CE needs to be transmitted, the UE should trigger a new SR. 
Proposal 9: 	The UE triggers a new SR when it doesn’t have an applicable UL-SCH resource available to transmit the failure reporting MAC CE. 
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 and recover from a systematic channel unavailability, e.g. when a hidden node exists in the uplink direction.
Proposal 1: 	MAC relies on reception of a notification of UL LBT failure from the physical layer to detect a consistent UL LBT failure.
Observation 2: 	The LBT type used can be transparent to MAC, as a notification of UL LBT failure from the physical layer does not need convey additional information (e.g. LBT parameters used in physical layer, such as the congestion window size or the LBT type). 
Proposal 2: 	MAC increments the UL LBT failure counter only once per reception of a notification of UL LBT failure within a configured evaluation interval.
Proposal 3: 	MAC resets the UL LBT failure counter if UL LBT outcome is successful for any UL transmission. 
Proposal 4: 	The MAC entity resets the UL LBT failure counter upon switching to a different BWP.
Proposal 5: 	The MAC entity resets the UL LBT failure detection timer upon switching to a different BWP.
Proposal 6: 	Upon triggering a consistent UL LBT failure event, the UE first attempts to perform random access on a different BWP in the same cell in which RACH is configured. 
Proposal 7: 	Once all configured BWPs are exhausted, the UE shall trigger RRC re-establishment procedure if the consistent UL LBT failure was detected on the PCell. 
Proposal 8: 	The UE reports a consistent UL LBT failure event on a different cell using a failure reporting MAC CE, which contains the cell and subband on which the failure event was detected.
Proposal 9: 	The UE triggers a new SR when it doesn’t have an applicable UL-SCH resource available to transmit the failure reporting MAC CE. 
References
[bookmark: _Ref477789992][bookmark: _Ref481513005][bookmark: _Ref484449735][bookmark: _Ref510528593]RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm.
TR 38.889 v 16.0.0, “Study on NR-based access to unlicensed spectrum (Release 16)”
3GPP TS 38.321 V15.3.0, “NR; Medium Access Control (MAC) protocol specification (Release 15)”

	2/3	
