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1 Introduction
The impact of LBT failures on the MAC counters (PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER) and MAC timers (ra-ResponseWindow and ra-ContentionResolutionTimer) is being covered in the email discussion “[105#50][NR-U] RACH 4-step and SR” [1].
In this contribution, we discuss the actions in the MAC layer following the LBT failures in Msg1 and Msg3 transmissions, which are the remaining open issues after the email discussion.
2 Discussion
2.1 Background
In NR licensed, MAC performs the random access procedure with the following steps:
1. RA Procedure Initialization:
· Initialize the RA procedure parameters.
2. RA Resource Selection:
· Select the PRACH and preamble index for the preamble transmission.
3. RA Preamble transmission:
· Set the power ramping parameters.
· Instruct the physical layer to transmit the preamble using the selected PRACH, preamble index, and power.
4. RA Response Reception:
· Start the ra-ResponseWindow and monitor the PDCCH for RAR. 
· If RAR is received successfully, consider RA completed for BFR and SI request, otherwise apply timing advance, store TC-RNTI, and transmit Msg3.
· On expiry of ra-ResponseWindow, increment the PREAMBLE_TRANSMISSION_COUNTER. If the counter reaches the preambleTransMax threshold, report a RA problem to higher layers (SpCell) and complete the RA procedure unsuccessfully (SCell or SI request on SpCell), otherwise go back to RA Resource Selection step to attempt RA preamble transmission.
5. Contention resolution:
· Start the ra-ContentionResolutionTimer and monitor PDCCH for Msg4.
· If Msg4 is received, perform contention resolution.
· If contention resolution is successful, consider the RA procedure to be successfully completed.
· On expiry of ra-ContentionResolutionTimer, perform backoff (if indicated in RAR) and go back to RA Resource Selection step, or report a RA problem to higher layers.
6. Completion of the RA procedure:
· Discard CFRA resources (expect BFR), and flush the Msg3 HARQ buffer.
A RA preamble transmission example in Rel-15 is illustrated in Figure 1 below for reference.
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[bookmark: _Ref879122]Figure 1: RA preamble transmission example in Rel-15
2.2 LBT failure for RA preamble transmission
In NR-U, when LBT fails for the preamble transmission, MAC should not progress to the RA response reception step, as the network has not received the RA preamble (Msg1) and cannot transmit any RA response to the UE. Instead, the UE should return back to the RA resource selection step, select new PRACH occasion and preamble index, and attempt another Msg1 transmission.
Proposal 1: If Msg1 is not transmitted in a PRACH occasion due to an LBT failure, MAC returns to the RA resource selection step (i.e. does not progress to the random access response reception step).
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Figure 2: RA preamble transmission example with LBT failures
According to TR 38.889 [2], LBT can be performed in units of 20 MHz. RAN1 is currently discussing the possibility of providing additional PRACH opportunities for Msg1 transmissions. If the additional opportunities are available on different 20 MHz sub-bands and if they overlap in time, the UE could perform parallel LBT procedures per each sub-band. MAC could select multiple opportunities in the RA resource selection step and indicate them to the physical layer. 
Proposal 2: If multiple PRACH opportunities overlapping in time are available on different sub-bands, MAC selects and indicates multiple PRACH opportunities to transmit Msg1 to the physical layer.
Subsequently, the physical layer would perform LBT for all the sub-bands associated with the selected PRACH occasions and inform the LBT outcomes to MAC. In this case, MAC should return to the RA resource selection step if the LBT has failed for all the sub-bands associated with the selected PRACH opportunities.
Proposal 3: MAC returns to the RA resource selection step if the LBT has failed for all the selected PRACH opportunities.
2.3 LBT failure for Msg3 transmission
For Msg3 transmission the UL grant is included in the RAR payload. If Msg3 cannot be transmitted due to LBT failure, there are two options:
Option1: MAC does not start the ra-ContentionResolutionTimer, returns to the RA resource selection step, and attempts another RA preamble (Msg1) transmission (Figure 3).
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[bookmark: _Ref4502573]Figure 3 MAC returns to resource selection after Msg3 LBT failure


Option 2: MAC starts the ra-ContentionResolutionTimer, monitors TC-RNTI indicated in Msg2, and relies on the gNB to trigger a Msg3 retransmission (Figure 4).
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[bookmark: _Ref4502594]Figure 4 MAC starts ra-ContentionResolutionTimer and waits for HARQ feedback after Msg3 LBT failure

Option 1 involves an additional channel access (to transmit the second Msg1). Ignoring potential delays due to the LBT failures, the latency for Option 1 is mainly correlated with the frequency of the configured RACH occasions, i.e. how quickly the UE is able to select the next available RACH occasion and transmit Msg1.
The latency in Option 2 depends on the ability of the gNB to detect the missing Msg3 transmission from the UE. For example, if there is more than one UE sharing the RACH occasion and the preamble index (i.e. there is contention), and if LBT of Msg3 fails for one of the UEs, the gNB may not be able to detect the missing transmission, and would not schedule a retransmission for the UE. In this case, the UE would reattempt the RA procedure at the expiry of ra-ContentionResolutionTimer. It is useful to note that this problem can also take place in the Rel-15 RA procedure (for other reasons, such as interference).
For Option 2, if multiple Msg3 transmission opportunities spanning multiple 20 MHz LBT sub-bands are provided, MAC should return to the resource selection step only when the LBT has failed for all sub-bands associated with the provided opportunities.
Proposal 4: If Msg3 is not transmitted due to LBT failure(s), RAN2 should down-select from one of the following options:
	Option 1) MAC returns to the RA resource selection step without starting the ra-ContentionResolutionTimer 
Option 	2) MAC starts the ra-ContentionResolutionTimer and waits for the network to trigger a retransmission of Msg3

We note that for Option 1, MAC should additionally take the following actions:
· Discard the TC-RNTI
· Flush the HARQ buffer for Msg3
· Increment PREAMBLE_TRANSMISSION_COUNTER
· If PREAMBLE_TRANSMISSION_COUNTER reaches the maximum limit (preambleTransMax + 1):
· Indicate a Random Access problem to upper layers
· Consider the Random Access procedure unsuccessfully completed if this RA procedure was triggered for SI request
3 Conclusion
We have the following proposals regarding LBT failures in Msg1 and Msg3 transmissions in this contribution:
Proposal 1: If Msg1 is not transmitted in a PRACH occasion due to an LBT failure, MAC returns to the RA resource selection step (i.e. does not progress to the random access response reception step).
Proposal 2: If multiple PRACH opportunities overlapping in time are available on different sub-bands, MAC selects and indicates multiple PRACH opportunities to transmit Msg1 to the physical layer.
Proposal 3: MAC returns to the RA resource selection step if the LBT has failed for all the selected PRACH opportunities.
Proposal 4: If Msg3 is not transmitted due to LBT failure(s), RAN2 should down-select from one of the following options:
	Option 1) MAC returns to the RA resource selection step without starting the ra-ContentionResolutionTimer 
Option 	2) MAC starts the ra-ContentionResolutionTimer and waits for the network to trigger a retransmission of Msg3
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