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According to the discussion in the RAN2#105 and 105bis meetings [1] [2], RAN2 made the following agreements on the uplink LBT failure:
	Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 
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 detailed design of the UL LBT failure detection. The text proposals of the uplink LBT failure detection can be found in the Annex.
 Discussion 
UL LBT failure detection
According to the 3GPP TR 37.213 [3], when a transmission node detects that a frequency channel is free, the transmission node can occupy the frequency channel up to 10ms. Then the NR-U UE could have consistent transmission failure due to LBT failure within a very short period of time. If the UE behaviour is specified as such that 10 contiguous UL transmission failure due to LBT triggers RLF, the UE could trigger the RLF very frequently (compared with the DL RLF). As such we consider that a filter alike BFD could be used for the detection of the UL LBT failure.
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Figure 1: UL LBT failure detection
As the figure illustrated above, the network can configure a time window (i.e. uplinkFailureDetectionTimer) within which the UE counts one LBT failure (e.g. via the uplink LBT failure counter (UL_FAILURE_COUNTER)) if all the uplink transmission within the window fails. Here we consider that the uplink transmission failure of other types (e.g. due to intra-UE prioritization) should not be counted/considered for the uplink LBT failure detection.
Proposal 1: If all the uplink transmissions within a time period configured by the network fails due to the LBT failure, the uplink failure detection counter increments by 1.
If any uplink transmission within the time window succeeds, the UE can assume that the uplink is not blocked. Then the UE resets the uplink LBT failure counter.
Proposal 2: If any uplink transmissions within a time period configured by the network succeeds, the uplink LBT failure counter resets to the initial value (e.g. 0).
If there is no uplink transmission at all within the time window, the UE cannot know if the uplink is recovered or not. Then we could have the following options:
· Option 1 The UE assumes that the uplink is still blocked due to LBT by incrementing the uplink LBT failure counter.
· Option 2: The UE assumes that the uplink is recovered by resetting the uplink LBT failure counter.
· Option 3: The UE assumes that the uplink is still blocked due to LBT but not increments the uplink LBT failure counter.
For option 1, if there is only one uplink transmission for a very long period of time, the UE could still declare the uplink LBT failure. For Option 2, if the UE is configured with a very long interval of a configured grant, then even though all the transmissions of the configured grant fail, the UE will not declare uplink LBT failure. Thus we consider that the UE should keep the counter value if the UE does not know the uplink LBT results (i.e. either success or failure).
Proposal 3: If there is no uplink transmission within a time period configured by the network, the uplink LBT failure counter remains unchanged.
When the uplink LBT failure counter reaches the maximum number configured by the network, the UE can indicates to the uplink LBT failure to the RRC layer. Then the RRC can take further actions (e.g. failure reporting or re-establishment).
Proposal 4: If the uplink LBT failure counter reaches the maximum value configured by the network, the UE declares the uplink LBT failure.

Conclusions
Based on the analysis given above, we have the following proposals：
Proposal 1: If all the uplink transmissions within a time period configured by the network fails due to the LBT failure, the uplink failure detection counter increments by 1.
Proposal 2: If any uplink transmissions within a time period configured by the network succeeds, the uplink LBT failure counter resets to the initial value (e.g. 0).
Proposal 3: If there is no uplink transmission within a time period configured by the network, the uplink LBT failure counter remains unchanged.
Proposal 4: If the uplink LBT failure counter reaches the maximum value configured by the network, the UE declares the uplink LBT failure.
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Annex
---------------------------------------Start of change----------------------------------------------------------------
[bookmark: _Toc534933466]5.x	Uplink failure detection procedure
The MAC entity may be configured by RRC with an uplink failure detection procedure which is used for detecting the uplink failure of the serving cell due to the LBT failure. 
RRC configures the following parameters in the UplinkFailureRecoveryConfig for the uplink failure detection and recovery procedure:
-	uplinkFailureMaxCount for the uplink failure detection procedure;
-	uplinkFailureDetectionTimer for the uplink failure detection procedure;
The following UE variables are used for the uplink failure detection procedure:
-	UL_FAILURE_COUNTER: counter for uplink failure which is initially set to 0.
The MAC entity shall:
1>	start the uplinkFailureDetectionTimer when the UplinkFailureRecoveryConfig is configured;
1>	When the uplinkFailureDetectionTimer is running, and any uplink transmission(s) including PRACH, SR and PUSCH is performed:
2>	set UL_FAILURE_COUNTER to 0;
2>	restart the uplinkFailureDetectionTimer;
1>	if the uplinkFailureDetectionTimer expires:
2>	restart the uplinkFailureDetectionTimer;
2>	if during the running period of the beamFailureDetectionTimer, all the uplink transmission(s) including PRACH, SR and PUSCH fails due to the LBT failure:
3>	increment UL_FAILURE_COUNTER by 1;
3>	if UL_FAILURE_COUNTER >= uplinkFailureMaxCount:
3> indicates the uplink failure to upper layers;
3> stop the uplinkFailureDetectionTimer.
	
image1.emf
Window

t1

t

Window

t3

t2


