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1 Introduction
In Rel-15, UL transmission failures for RACH and SR procedures are detected using counters in MAC and the recovery actions for each procedure are described in the MAC specification. On the other hand, handling errors in PUSCH transmissions depends on the RLC mode: if the maximum number of transmissions have been reached in RLC AM, an indication is provided to RRC, which could trigger RLF.
In previous RAN2 meetings, there have been some discussions about how to handle the LBT failures in UL transmissions, and the following agreements have been made [1][2]:
	RAN2#105:
Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF
RAN2#105b:
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
The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure
SR_COUNTER is increase only when SR is successfully transmitted
MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies)
A new timer is introduced for auto retransmission (i.e. timer expiry = HARQ NACK) on configured grant for the case of the TB previous being transmitted on a configured grant “CG retransmission timer”.
the new timer is started when the TB is actually transmitted on the configured grant and stopped upon reception of HARQ feedback (DFI) or dynamic grant for the HARQ process.



In this contribution, we discuss the actions taken by the UE after consistent LBT failures for UL transmissions of RACH, SR, and PUSCH.
2 Discussion
In Rel-15, PREAMBLE_TRANSMISSION_COUNTER is used to detect an error case where the UE is unable to complete the RACH procedure after several attempts. When the counter reaches a threshold, MAC detects a problem in RACH transmissions, and takes the following actions: 
· Indicate a Random Access problem to upper layers if the preamble is transmitted on the SpCell
· Consider the RA procedure unsuccessfully completed if this RA procedure was triggered for SI request
· Consider the RA procedure unsuccessfully completed if the preamble is transmitted on a SCell
Similarly, SR_COUNTER is used to detect problems in SR transmissions and in this case MAC takes the following actions on problem detection:
· Release the PUCCH and SRS for all serving cells,
· Clear the configured downlink assignments and uplink grants, 
· Clear PUSCH resources for SP-CSI, 
· Initiate a RA procedure on the SpCell and cancel all pending SRs.
As mentioned above, there is no detection for PUSCH transmission problems in the MAC layer in Rel-15. Instead, the error detection and recovery relies on the RLC layer procedures. For DRBs configured with RLC AM, missed transmissions will lead to retransmissions. When the maximum number of retransmissions is reached, an indication is provided to the RRC layer, and this causes the UE to either initiate a failure information procedure, or raise RLF.
When RLF is triggered in RRC because of RA problems or maximum number of RLC AM retransmissions, further actions depend on if the security has been activated or not. The UE can return to RRC_IDLE or initiate a connection re-establishment procedure. If the connection re-establishment procedure fails due to timeout, the UE performs the actions upon going to RRC_IDLE. On returning to IDLE, the UE releases the security configuration and radio resources, and initiates cell selection.
For NR-U, according to the agreements in RAN2#105bis, the counters for RACH and SR will not be incremented when the transmission fails due to LBT, however alternative mechanisms will be designed to detect consistent LBT failures to avoid deadlock conditions.
Additionally, the LBT failures during PUSCH transmissions may also be considered in NR-U. For dynamic scheduling, consistent LBT failures could prevent the UE from transmitting using the UL grant allocated by the network. If skipUplinkTxDynamic is configured, the network cannot differentiate between a skipped UL grant and an LBT failure. If the network can detect a missing transmission, it would be expected to initiate retransmissions. However, there may be problems with providing the UL retransmission grants to the UE if the DL is also affected by LBT failures.
For configured UL grants, the network would be unaware of any transmissions initiated by the UE, as the skip UL is always enabled. If the new configured grant retransmission timer is configured, the UE will retransmit on the configured grants when the timer expires. However, to prevent indefinite retransmissions, we think that the number of retransmissions should be limited by using the existing configured grant timer from Rel-15, as discussed in our companion contribution [3]. As in Rel-15, when the configured grant timer expires, the data in the HARQ buffer can be overwritten by new data. This may result in data loss during severe LBT problems, without any knowledge of the network. Such situations should be avoided by adopting a recovery mechanism for consistent LBT failures during PUSCH transmissions.
When consistent LBT failures during PUSCH transmissions are detected, similar to the maximum number of SR transmissions, the UE should release the PUCCH, SRS, CG, DL SPS, and SP-CSI resources and initiate a RACH procedure. If the communication between the UE and the network is disrupted, it is better to release the resources and trigger a recovery procedure via a more robust mechanism, which is RACH.
Proposal 1: When consistent LBT failures are encountered during SR and PUSCH transmissions, MAC releases PUCCH, SRS, CG, DL SPS, SP-CSI resources and triggers RACH.
In the resource selection step of the RACH procedure, the MAC layer can provide multiple RACH occasions to the physical layer in different LBT sub-bands. The physical layer would transmit the preamble on a sub-band where the LBT is successful. This can act indicate to the network the sub-band that is not overloaded, allowing the network to reconfigure the UE accordingly.
If the RACH procedure fails due to consistent LBT failures, the implication is that all channels are overloaded, and the UE could initiate RLF. In most cases, this would trigger a cell selection. If the channel conditions are used in the cell selection criteria, the UE could select a less loaded cell on a different frequency to eventually restore the connection with the network.
Proposal 2: When consistent LBT failures are encountered during RACH on SpCell, MAC sends indication to the higher layers to trigger RLF.
Proposal 3: When consistent LBT failures are encountered during RACH on SCell or for SI request, MAC considers RA procedure to be unsuccessfully completed.
3 Conclusion
In this contribution, we have the following proposals regarding consistent LBT failures in UL transmissions:

Proposal 1: When consistent LBT failures are encountered during SR and PUSCH transmissions, MAC releases PUCCH, SRS, CG, DL SPS, SP-CSI resources and triggers RACH.
Proposal 2: When consistent LBT failures are encountered during RACH on SpCell, MAC sends indication to the higher layers to trigger RLF.
[bookmark: _GoBack]Proposal 3: When consistent LBT failures are encountered during RACH on SCell or for SI request, MAC considers RA procedure to be unsuccessfully completed.
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