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1. Introduction 
In RAN2#105bis meeting [1], RAN2 agreed that 

Agreements

1 
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
In RAN2#106 meeting [2], RAN2 has further discussed this topic and has agreed to have the e-mail discussion of “[106#49][NR-U] Consistent LBT Failures (Qualcomm)”. During the e-mail discussion each company has responded the 11 questions on consistent LBT failures [3]. In response to the questions, the technical direction was not the same. To support the response, a specified technical explanation of what ETRI has responded to will be provided.

In this contribution, we discuss how to handle consistent LBT failures. It provides a perspective on understanding consistent LBT failures and provides a way to detect consistent LBT failures. Detection and recovery procedures about consistent LBT failures are discussed per sub-band for support of wideband operation.
2. Discussion

Consideration on consistent LBT failures

Currently RAN2 has discussed uplink radio link failure in an unlicensed band using LBT failure event. A UE can access the band and have an uplink transmission on it after a trial of LBT is successful. If a neighboring UE accesses the unlicensed band, the UE has no opportunity to access the unlicensed band and transmit UL data. After the completion of the neighboring UE’s access the UE can access the unlicensed band with LBT function.

Observation 1: LBT failures occur irregularly and the frequency of their occurrence depends on the density of neighboring UEs and how often the UEs access the unlicensed band.

Outcome of an LBT trial can be success or fail when UE intends to transmit UL data. Until now RAN2 has discussed the topic of consistent LBT failure with contributions of diverse proposals but not made the definition of it with common consensus. Consistent LBT failure shall include a situation where it is difficult for UE to transmit upward due to a high frequency of LBT failure compared to a frequency LBT successes as well as consecutive LBT failures. When LBT failures happen a lot and LBT successes occur a little, UE is hard to access the unlicensed band. This is called “heavy LBT failures”. In the heavy LBT failures UE experiences a lot of transmission disturbances from neighboring UE’s occupancy of the unlicensed band. 

Observation 2: UE experiences a lot of transmission disturbances from neighboring UE’s occupancy of the unlicensed band.

Proposal 1: Consider consistent LBT failures including that a high frequency of LBT failures compared to a frequency LBT successes.

LBT failures can occurs a little when UE sometimes tries to make UL transmissions. The proposed contributions had suggested ways to detect consistent LBT failure based on the number of LBT failures. The number of LBT failures is a dependent function of the number of LBT attempts. If the number of LBT attempts is small, the number of failures is also reduced. The detection should work in a situation in which neighboring UEs occupies continuously the unlicensed band. It may fail to detect consistent LBT failure when the number of failures is small in a certain period of time.

Observation 3: If the number of the LBT attempts is small, the number of LBT failures is also reduced. It may fail to detect consistent LBT failure when the number of failures is small in a certain period of time.

Proposal 2: The detection mechanism should be able to work even when the number of LBT failures is small.

Detecting consistent LBT failures
It is important to quickly detect a situation where a UE does not perform UL transmission due to heavy busy state in the unlicensed band. When detecting the consistent LBT failures the UE should use all the available PHY indications of LBT failures which result from both MAC-initiated and PHY-initiated LBT attempts. The frequency of target LBT failures to be detected is increased, which improves the accuracy of the detection and shortens the detection time. The increased complexity is a small part of the gain.

Proposal 3: The detection method should be based on all LBT failures from MAC-initiated and PHY-initiated LBT attempts.
The detection mechanism starts a timer to limit a duration a counter to be increased every LBT failure when an LBT failure is indicated from PHY without running timer. When the counter reaches a threshold, consistent LBT failures should be declared. When the timer expires the detection procedure may be either terminated or restarted depending on the condition of LBT outcomes including failures and successes. In the observation 3 we point out that the number of LBT failures during single period of the timer is small since the UE sometimes attempts LBT even when the unlicensed band is in heavy busy state.

Proposal 4: The detection timer should be restarted or started based on the number of LBT failures during single timer period when it expires.

From the observation 1 and 2 there are no periodic PHY LBT failure indications. An appropriate procedure for responding to LBT failures that occur at any point in time is to start the detection procedure at the time that LBT failures occur at first. The interval of the detection timer may contain the most consistent LBT failures.

Proposal 5: The detection timer is started when an LBT failure is indicated from PHY without running timer.
Recovery action after the detection

LBT procedure for wideband operation is performed independently per sub-band. when detecting LBT failures with the same granularity the UE should determine a sub-band in a heavy load. After that, it’s most efficient for UE to recover the sub-band of the heavy load. The detection procedures per sub-band increases the complexity of the procedures handling consistent LBT failures but have the advantage of recovering the sub-band of the discovered heavy load state. To avoid this complexity, if the search procedure is performed per BWP, the BWP change procedure involves changing the sub-band of the lightly loaded state. As a result, this increases inefficiency.

Proposal 6: The detection procedure of consistent LBT failures should be performed per sub-band.

Proposal 7: With the detection of a sub-band with heavy load it is performed to recover this sub-band in the BWP.
3. Conclusion
Observation 1: LBT failures occur irregularly and the frequency of their occurrence depends on the density of neighboring UEs and how often the UEs access the unlicensed band.
Observation 2: UE experiences a lot of transmission disturbances from neighboring UE’s occupancy of the unlicensed band.

Observation 3: If the number of the LBT attempts is small, the number of LBT failures is also reduced. It may fail to detect “consistent LBT failure” when the number of failures is small in a certain period of time.
Based on the discussion in Section 2, we propose the following:

Proposal 1: Consider “consistent LBT failures” including that a high frequency of LBT failures compared to a frequency LBT successes.
Proposal 2: The detection mechanism should be able to work even when the number of LBT failures is small.

Proposal 3: The detection method should be based on all LBT failures from MAC-initiated and PHY-initiated LBT attempts.

Proposal 4: The detection timer should be restarted or started based on the number of LBT failures during single timer period when it expires.

Proposal 5: The detection timer is started when an LBT failure is indicated from PHY without running timer.
Proposal 6: The detection procedure of consistent LBT failures should be performed per sub-band.

Proposal 7: With the detection of a sub-band with heavy load it is performed to recover this sub-band in the BWP.
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