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1 Introduction
In our companion contributions [1][2], we study the actions that the MAC should take when an uplink transmission cannot be performed in the physical layer due to LBT failure. We also highlight that if the LBT failures are persistent, there might be a deadlock condition in MAC where it continuously attempts a transmission for a long time. We think that this kind of systematic LBT failure conditions should be handled within MAC.
There have been various proposals in previous meetings about how to handle systematic LBT failures [3][4][5][6][7][8][9], however no conclusion was reached in the SI.
In this contribution, we study some potential solutions for detecting and handling systematic LBT failures for UL transmissions initiated by the UE, focusing on the random access preamble and SR transmissions.
2 Discussion
2.1 Systematic LBT failures during RA preamble transmission
As discussed in our contribution [1], persistent LBT failures could cause the UE to enter a deadlock condition while transmitting RA preamble, as illustrated below.
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Figure 1: Systematic LBT failures during RA preamble transmission
This scenario could be regarded similar to the legacy case where the UE has performed the preamble transmission several times but has not received any response from the network, i.e. reaching the threshold for the PREAMBLE_TRANSMISSION_COUNTER. In this case, MAC takes the following actions:
· Indicate a Random Access problem to upper layers if the RA Preamble is transmitted on the SpCell
· Consider the RA procedure unsuccessfully completed if this RA procedure was triggered for SI request on SpCell
· Consider the RA procedure unsuccessfully completed if the RA Preamble is transmitted on a SCell
For a SpCell, this could raise an RLF in the RRC layer and enable the UE to select another cell.
2.2 Systematic LBT failures during SR transmission
As discussed in our contribution [2], persistent LBT failures could cause the UE to enter a deadlock condition while transmitting SR, as illustrated below
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Figure 2: Systematic LBT failures during SR transmission
This scenario could be regarded similar to the legacy case where the UE has performed the SR transmission several times but has not received any response from the network, i.e. reaching the threshold for the SR_COUNTER. In this case, MAC takes the following actions:
· Release the PUCCH for all serving cells,
· Clear the configured grants, 
· Cancel all pending SRs, 
· Initiate a RA procedure on the SpCell.
2.3 Options for handling systematic LBT failures
The following options could be considered for handling systematic LBT failures in the MAC layer:
1. Systematic LBT failures are handled separately for each procedure, in the relevant section within the MAC specification (e.g. for RACH, SR, etc.).
2. Systematic LBT failures are handled in a (new) common section within the MAC specification.
Some observations for the advantages and disadvantages of each approach are captured in the table below.
	
	Advantages
	Disadvantages

	Option 1: Handle systematic LBT failures separately for each procedure in the MAC spec
	· Easier to specify actions that depend on the state/step within each procedure.
· Possible to specify different thresholds for detecting the systematic LBT failure condition for each procedure, for example different actions for RACH and SR as discussed above.
	· More impact on the existing sections of the MAC spec.
· There might be a negative impact on the UE complexity and signalling overhead, as highlighted in [3].

	Option 2: Handle systematic LBT failures within a (new) generic section in the MAC spec
	· Less impact on the existing sections of the MAC spec (however there will still be some changes to handle individual LBT failures).
· A common handling for all UL LBT failures, as highlighted in [4].

	· More difficult to specify actions/thresholds that depend on the procedure/step that is being executed.
· There may still be some cases where the knowledge of the state/step of the procedure that is currently running is needed.
The UE action may very well depend on the procedure being performed. For example, one could argue that SR failure should not result in RLF failure.
· RAN1 has not concluded what kind of LBT will be performed for uplink transmissions such as RACH, SR, configured grants, UCI (HARQ and CSI), but it is likely that different LBT types will be involved. Therefore, LBT failures across different procedures could indicate different channel conditions. It can be a bit difficult to account for these different kind of LBTs in a consistent way in a generic manner.



We prefer Option 1, i.e. handling the LBT failures separately for each procedure, because the LBT failures could be the result of different procedures, possibly with different CAPC values. Incrementing the same counter would imply that they are treated equally. Moreover, specifying different actions depending on the procedure being performed is more difficult with Option 2.
We think that the impact on the UE complexity and signalling overhead with Option 1 above can be minimised by using a common configuration (e.g. a timer value or a counter threshold) for all procedures. For example, serial LBT attempts could be expected to be successful within maximum 40ms. If LBT is still failing after 40ms, the channel access attempt for the specific procedure can be assumed to be unsuccessful.
Proposal 1: Systematic LBT failures are handled independently for each procedure.
2.4 Options for detecting systematic LBT failures
Based on the options above for handling systematic LBT failures, the following options can be considered for detecting the systematic LBT failure condition:
A. A guard timer could be started in MAC at the first time when MAC instructs the physical layer to perform a transmission (e.g. RA preamble or SR). Subsequent transmission attempts after an LBT failure do not restart the timer. The timer could be stopped when LBT is successful and the physical layer performs the transmission. If the timer expires, a systematic LBT failure condition is detected. This mechanism can work with Option 1 above (separate handling for each procedure).
B. A mechanism similar to the beam failure detection can be used: If an LBT failure is reported by the physical layer, MAC starts or restarts a timer and increments a counter. If the counter goes above a threshold value, systematic LBT failure condition is detected. If the timer expires, the counter is reset to 0. This mechanism can work with Option 2 above (common handling).
C. The number of LBT failures are counted in MAC after MAC instructs the physical layer to perform a transmission (e.g. RA preamble or SR). If the number of failures go above a certain threshold before a successful LBT attempt, a systematic LBT failure condition is detected. This mechanism can work with Option 1 above (separate handling for each procedure).
	
	Comments

	Option A: Timer
	A timer is started in MAC at first UL transmission attempt for a specific procedure (e.g. RACH or SR). The timer is stopped when LBT is successful. If the timer expires, systematic LBT failure condition is detected, which impacts the specific procedure (e.g. RACH or SR) that is currently running. 

	Option B: Timer with a count of failures
	If an LBT failure is reported by the physical layer, MAC starts or restarts a timer and increments a counter. If the counter goes above a threshold value, systematic LBT failure condition is detected. If the timer expires, the counter is reset to 0. If systematic LBT failure condition is detected, the UE takes a general action (e.g. release uplink resources and declare RLF) that affects all procedures currently running in MAC.

	Option C: Counter
	The number of LBT failures are counted for UL transmission attempts for a specific procedure (e.g. RACH or SR) in MAC. If the number goes above a threshold, systematic LBT failure condition is detected, which impacts the specific procedure (e.g. RACH or SR) that is currently running.


The options (A-C) above depend on which option (1 or 2) is selected for handling systematic LBT failures, so should be discussed after this has been decided.
Proposal 2: RAN2 to decide which mechanism should be used for detecting systematic LBT failures in MAC:
A) Timer, 
B) Timer with a count of failures, or 
C) Counter.
3 Conclusion
In this contribution, we have the following proposals regarding handling systematic LBT failures for UL transmissions initiated by the UE:
Proposal 1: Systematic LBT failures are handled independently for each procedure.
Proposal 2: RAN2 to decide which mechanism should be used for detecting systematic LBT failures in MAC:
A) Timer, 
B) Timer with a count of failures, or 
C) Counter.
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