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1 Introduction
The following agreements were achieved regarding the random access procedure in NR-U during the SI [1]:
1. For msg1 transmission of 4-step RACH procedure, if preamble transmissions are dropped due to LBT failure, then from RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented.

2. In legacy RACH, the counters for preamble transmission and power ramping are increased with every attempt. In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. This will require an indication from the physical layer to the MAC. In addition, ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.
In this contribution, we study the impact of LBT on the Random Access procedure in MAC, and propose solutions for handling LBT failures.
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.
An example scenario for one UE attempting the RA preamble transmissions and reaching the preambleTransMax threshold is illustrated in Figure 1 below.
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[bookmark: _Ref879122]Figure 1: RA preamble transmission in Rel-15
2.2 LBT failure for RA preamble transmission
In NR-U, when LBT fails for the preamble transmission, ra-ResponseWindow is not started according to the agreement from the TR quoted above. Additionally, MAC should not progress to the RA response reception step, as the network has not yet received the RA preamble 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 RA preamble transmission.
Proposal 1: If the RA preamble is not transmitted in a preamble transmission 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
Note that if multiple PRACH opportunities are provided at the same time (e.g. in multiple frequencies/channels or BWPs), MAC could indicate these multiple opportunities to the physical layer. The physical layer would then proceed to run multiple LBT procedures in parallel, each corresponding to the different channels, in the preamble transmission occasion. In this case LBT failure refers to the case where all transmission opportunities indicated by MAC have failed the LBT procedure, and as a result the physical layer was unable to transmit the preamble in the preamble transmission occasion.
Proposal 2: If multiple opportunities are configured for RA preamble transmission within a preamble transmission occasion, MAC assumes an LBT failure only if LBT has failed on all configured 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, the UE has to restart the RA procedure again by returning back to the resource selection step and attempting to transmit another RA preamble. As the network cannot receive the Msg3, it makes little sense for the UE to progress to the contention resolution step in which it can never be addressed. 
Proposal 3: If Msg3 is not transmitted due to LBT failure, MAC returns to the RA resource selection step (i.e. does not progress to the contention resolution step) and attempts another RA preamble transmission.
Similar to the case of multiple RA preamble transmission opportunities, if multiple Msg3 transmission opportunities are provided (e.g. multiple UL grants in RAR), then LBT failure here refers to the case where the physical layer has observed an LBT failure on all of those opportunities.
Proposal 4: If multiple opportunities are configured for Msg3 transmission, MAC assumes an LBT failure only if LBT has failed on all configured opportunities.
We think that this case is similar to the ra-ContentionResolutionTimer expiry, and therefore as a baseline MAC can take similar 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
· Return to the RA Resource Selection step
Proposal 5: If Msg3 is not transmitted due to LBT failure, as a baseline, MAC takes 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
· Return to the RA Resource Selection step
2.4 Systematic LBT failures during RA preamble transmission
If there are persistent LBT failures, the UE could attempt preamble transmission for a long time without taking any recovery action, for example by selecting another cell. This problem is illustrated in Figure 3 below.
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[bookmark: _Ref879834]Figure 3: Systematic LBT failures during RA preamble transmission
A mechanism to detect and handle systematic LBT failures, to prevent the UE from entering a deadlock while transmitting RA preambles, should be developed by RAN2.
Proposal 6: A mechanism to detect and handle systematic LBT failures while transmitting RA preambles should be specified.
We discuss this issue in a separate contribution [2], where we analyse different options for detecting and handling systematic LBT failures for UL transmissions initiated by the UE.
3 Conclusion
In this contribution, we have the following proposals regarding the impact of LBT on random access procedure in MAC:
Proposal 1: If the RA preamble is not transmitted in a preamble transmission 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 opportunities are configured for RA preamble transmission within a preamble transmission occasion, MAC assumes an LBT failure only if LBT has failed on all configured opportunities.
Proposal 3: If Msg3 is not transmitted due to LBT failure, MAC returns to the RA resource selection step (i.e. does not progress to the contention resolution step) and attempts another RA preamble transmission.
Proposal 4: If multiple opportunities are configured for Msg3 transmission, MAC assumes an LBT failure only if LBT has failed on all configured opportunities.
Proposal 5: If Msg3 is not transmitted due to LBT failure, as a baseline, MAC takes 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
· Return to the RA Resource Selection step
Proposal 6: A mechanism to detect and handle systematic LBT failures while transmitting RA preambles should be specified.
A text proposal implementing the proposed changes for handling an LBT failure during RA preamble or Msg3 transmission is provided in Appendix.
4 Appendix – TP for 38.321
------------------------------------start of change----------------------------------
[bookmark: _Toc525610773]5.1.3	Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if SSB selected is not changed (i.e. same as the previous Random Access Preamble transmission):
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	select the value of DELTA_PREAMBLE according to subclause 7.3;
1>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP;
1>	except for contention-free Random Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1>	instruct the physical layer to transmit the Random Access Preamble using the selected PRACH, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER;.
1>	if the Random Access procedure is being performed on an unlicensed Serving Cell and the lower layers indicate a failure for the Random Access Preamble transmission:
2>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < 80), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).
[bookmark: _Toc525610774]5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while ra-ResponseWindow is running.
1>	else:
2>	start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.
1>	if notification of a reception of a PDCCH transmission is received from lower layers on the Serving Cell where the preamble was transmitted; and
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a MAC subPDU with Backoff Indicator:
3>	set the PREAMBLE_BACKOFF to value of the BI field of the MAC subPDU using Table 7.2-1, multiplied with SCALING_FACTOR_BI.
2>	else:
3>	set the PREAMBLE_BACKOFF to 0 ms.
2>	if the Random Access Response contains a MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes a MAC subPDU with RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for SI request to upper layers.
3>	else:
4>	apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see subclause 5.2);
5>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);
5>	if the Serving Cell for the Random Access procedure is SRS-only SCell:
6>	ignore the received UL grant.
5>	else:
6>	process the received UL grant value and indicate it to the lower layers.
4>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble(s):
5>	consider the Random Access procedure successfully completed.
4>	else:
5>	set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
5>	if this is the first successfully received Random Access Response within this Random Access procedure:
6>	if the transmission is not being made for the CCCH logical channel:
7>	indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.
6>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>	if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or
1>	if ra-ResponseWindow configured in BeamFailureRecoveryConfig expires and if the PDCCH addressed to the C-RNTI has not been received on the Serving Cell where the preamble was transmitted:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
3>	if the Random Access Preamble is transmitted on the SpCell:
4>	indicate a Random Access problem to upper layers;
4>	if this Random Access procedure was triggered for SI request:
5>	consider the Random Access procedure unsuccessfully completed.
3>	else if the Random Access Preamble is transmitted on a SCell:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if the Random Access procedure is not completed:
3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	if the criteria (as defined in subclause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:
4>	perform the Random Access Resource selection procedure (see subclause 5.1.2);
3>	else:
4>	perform the Random Access Resource selection procedure (see subclause 5.1.2) after the backoff time.
1>	if the Random Access procedure is being performed on an unlicensed Serving Cell and the lower layers indicate a failure for the Msg3 transmission:
2>	discard the TEMPORARY_C-RNTI;
2>	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
3>	indicate a Random Access problem to upper layers.
3>	if this Random Access procedure was triggered for SI request:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if the Random Access procedure is not completed:
3>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
HARQ operation is not applicable to the Random Access Response transmission.
------------------------------------end of change-----------------------------------
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