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1 Introduction
In RAN2#105bis meeting, the following agreement has been made regarding the LBT failures in Msg3 transmissions [1]:
	Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS



In this contribution, we discuss the impact of the two options above and present our views on the way forward.
In this revision of the document, we suggest to consider a compromise solution that enables dynamic selection of the option to be applied by the UE.
2 Discussion
In Rel-15 4-step RACH procedure, the UE transmits Msg3 using the UL grant received in the RAR payload. The UE then starts monitoring the PDCCH for the TC-RNTI indicated in RAR. The HARQ process id for Msg3 is set to 0. If the UE receives an UL grant addressed to TC-RNTI, it retransmits Msg3.
In NR-U, if the LBT is not successful, the UE may not transmit Msg3. In this case, there are two options for how the UE can proceed:

Option a: MAC starts the ra-ContentionResolutionTimer, monitors the TC-RNTI indicated in Msg2, and waits for the gNB to trigger the Msg3 retransmission (Figure 1).
As highlighted in previous discussions, the gNB may not be aware if the UE has received Msg2 or not. If the UE has not received Msg2 successfully, the retransmission UL grants from the gNB will be ignored by the UE. The UE will wait for the ra-ResponseWindow to expire and afterwards attempt another preamble transmission. The unused UL grants will cause waste of resources.
Observation 1: If Msg2 is not received by the UE, the retransmission UL grants for Msg3 will not be used by the UE, leading to waste of resources.
The latency 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, and if LBT of Msg3 fails for one of the UEs, gNB may not be able to detect the missing transmission, and may not schedule a retransmission. In this case, the UE would reattempt the RA procedure at the expiry of ra-ContentionResolutionTimer. Note however that this problem could already occur in the Rel-15 RA procedure (for other reasons, such as bad radio conditions).
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[bookmark: _Ref4502594]Figure 1 MAC starts ra-ContentionResolutionTimer and waits for retransmission grant after Msg3 LBT failure

Option b: MAC does not start the ra-ContentionResolutionTimer, returns to the RA resource selection step, and attempts another RA preamble (Msg1) transmission (Figure 2).
This option requires an additional channel access attempt by the UE (to transmit the second Msg1). Apart from the potential delays due to the LBT failures, the latency for Option b is related to the periodicity of the configured RACH occasions, i.e. how quickly the UE is able to select the next available RACH occasion and transmit the next Msg1.
If multiple opportunities are configured for Msg1, the success rate for Msg1 transmissions can be improved. On the other hand, it is not clear if and how multiple UL grants can be provided for Msg3 retransmissions by the gNB. Note also that multiple transmission opportunities for Msg3 are de-prioritised for Rel-16.
Observation 2: Reattempting Msg1 transmission can be more robust than Msg3 retransmission, if multiple transmission opportunities are provided for Msg1.
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[bookmark: _Ref4502573]Figure 2 MAC returns to resource selection after Msg3 LBT failure


We think that it may be a more reliable option for the UE to go back to the resource selection step (Option b). Even though there may be additional LBT involved when reattempting Msg1, it is expected that multiple opportunities will be supported for Msg1, and this should reduce the overall latency and improve the success rate for Msg1 transmissions. There will also be less chance of unused UL retransmission grants and less resource wastage.
Proposal 1: If Msg3 is not transmitted due to LBT failure(s) and if the RA procedure is not completed, MAC returns to the RA resource selection step without starting the ra-ContentionResolutionTimer.

Note that some additional actions are needed in MAC before returning to resource selection: Discard the TC-RNTI, flush the Msg3 HARQ buffer, and increment the PREAMBLE_TRANSMISSION_COUNTER. The actions are the same as the case when the contention resolution timer expires during the RACH procedure and the RACH is attempted by performing the Resource Selection again. This is specified in 38.321 as below.
	[bookmark: _Toc12751539]5.1.5	Contention Resolution
…
1>	if ra-ContentionResolutionTimer expires:
2>	discard the TEMPORARY_C-RNTI;
2>	consider the Contention Resolution not successful.
1>	if the Contention Resolution is considered not successful:
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>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	if the criteria (as defined in clause 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 clause 5.1.2);
3>	else:
4>	perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.




Proposal 2: Prior to returning to the resource selection step, MAC takes the following actions:
· Discard the TC-RNTI
· Flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer
· Increment PREAMBLE_TRANSMISSION_COUNTER
· If PREAMBLE_TRANSMISSION_COUNTER reaches (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

As an alternative solution, it can be left to the network to select which option (a or b) the UE should apply. One of the options could be more preferable for certain deployment scenarios, network conditions, or applications. If avoiding unused UL grants to improve resource efficiency is a high priority consideration for the network, or the robustness is a concern and the overall reliability of Msg1 transmission is expected to be higher than Msg3 (when, for example, multiple opportunities are provided for Msg1 but not Msg3), the network could select Option b. If the RACH resource availability and avoiding collisions for Msg1 are high priority, the network could select Option a.
The network can signal the selected option within RAR, together with the UL grant, and any other NR-U information such as LBT category (discussed in our separate contribution [2]).
Proposal 3: RAN2 to consider alternative solution: The network selects which option (a or b) to be applied by the UE on LBT failure for Msg3, and signals it in RAR.

3 Conclusion
We have the following observations and proposals regarding the LBT failures in Msg3 transmissions in NR-U:
Observation 1: If Msg2 is not received by the UE, the retransmission UL grants for Msg3 will not be used by the UE, leading to waste of resources.
Observation 2: Reattempting Msg1 transmission can be more robust than Msg3 retransmission, if multiple transmission opportunities are provided for Msg1.
Proposal 1: If Msg3 is not transmitted due to LBT failure(s) and if the RA procedure is not completed, MAC returns to the RA resource selection step without starting the ra-ContentionResolutionTimer.

Proposal 2: Prior to returning to the resource selection step, MAC takes the following actions:
· Discard the TC-RNTI
· Flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer
· Increment PREAMBLE_TRANSMISSION_COUNTER
· If PREAMBLE_TRANSMISSION_COUNTER reaches (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
Proposal 3: RAN2 to consider alternative solution: The network selects which option (a or b) to be applied by the UE on LBT failure for Msg3, and signals it in RAR.
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