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1. Introduction 
In RAN2#107 meeting[3], RAN2 had discussed the report of the e-mail discussion of “[106#49][NR-U] Consistent LBT Failures (Qualcomm)”and has made below agreements regarding UL LBT failures.
· L2 LBT failure mechanism takes into account any LBT failure regardless UL transmission type. 

· The UL LBT failure mechanism will have the same recovery mechanism for all failures regardless UL transmission type

· UL LBT failures are detected per BWP

· The UE will report the occurrence of consistent UL LBT failures on PSCell and SCells. The assumption is to reuse SCell failure reporting for BF

Baseline Mechanism, further enhancements not precluded: 

· A “threshold” for the maximum number of LBT failures which triggers the “consistent” LBT failure event will be used. 

· Both a timer and a counter are introduced, the counter is reset when timer expires and incremented when UL LBT failure happens

· The timer is started/restarted when UL LBT failure occur. 

In this contribution, we discuss additional enhancement of baseline mechanism and further considerations on handling UL LBT failures. It provides a perspective on understanding consistent LBT failures and provides a way to detect consistent LBT failures. For support of wideband operation in a BWP, the detection mechanism is performed per sub-band.
2. Discussion

The basic agreements about handling UL LBT failures have made in the previous RAN2 meeting, which include unified detection mechanism of UL LBT failures and reporting the occurrence per BWP. From the agreements additional detection and recovery mechanism are discussed as the followings.
Consideration on consistent LBT failures

A UE can access an unlicensed band and have an uplink transmission on it after a trial of LBT is successful. The result of the LBT trial are made when the UE detects the radio signal on the band. 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 successful or fail when UE intends to transmit UL data. 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 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 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 failures 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.
The agreements in the previous meeting includes both a timer and a counter in the detection mechanism are introduced. Also, the counter is reset when the timer expires. The behavior of resetting the counter means that the counter history of LBT failures does not affect the counter value in the new period of the timer. When the LBT failures are around the time the timer expires, the agreed algorithm of resetting the counter may not trigger the “consistent” LBT failure event since LBT failure events occurs around the time and both counter values are less the threshold for the maximum number of LBT failures which triggers the “consistent” LBT failure event. However, if we have a counter during a window around the time, its counter value of LBT failures may go over the threshold and trigger the “consistent” LBT failure event. This example shows that a counter during a moving window can be better to detect LBT failures around the time the timer expires.
Observation 4: When the LBT failures are around the time the timer expires, the agreed algorithm of resetting the counter may not trigger the “consistent” LBT failure event.
Proposal 3: The detection mechanism should be able to trigger the consistent LBT failure event when the LBT failures are around the time the timer expires.

Enhancement of the baseline mechanism to detect consistent LBT failures

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 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 based on the number of LBT failures during single timer period when it expires.

From the observation 4 and proposal 3, the detection mechanism is required to works over several timer period. It can be achieved from restarting the timer when it expires if LBT failures occurs during the timer period. The timer is started when LBT failures occurs and there is no running timer, which is agreed in the previous meeting. But we understand that resetting the timer when the timer expires needs to be updated since the detection mechanism is required to use a moving window concept in time domain. A simple mechanism for moving window concept is required to enhance the baseline mechanism to detect consistent LBT failures. When the timer restarts, the counter value is initialized to the value of multiplication of the counter value accumulated previous timer period and a ratio. The ratio is configured in the UE during the RRC setup or reconfiguration signalling procedure.
Proposal 5: The detection counter should be initialized to the detection counter value multiplied with a ratio in previous timer period when the detection timer restarts.
The detection mechanism has to be terminated when LBT success occurs. How to define that UE can access the unlicensed band? An LBT success is an event that UE can access the unlicensed band. But there is a question whether one LBT success is enough to declare that the band is available from the event of LBT success or not. It’s necessary to be declared that UE can use the band. In this contribution when the number of consecutive LBT successes are greater a threshold the detection mechanism is terminated. The timer is cancelled and the counter is reset. 

Proposal 6: The detection timer is cancelled when the number of consecutive LBT successes are greater than a threshold for the maximum number of consecutive LBT success.

The detection mechanism should cover that consistent LBT failures are counted without the time limitation. The detection counter is initialized at first and is increased by 1 when LBT failure indication arrives from PHY layer. The consistent LBT failures are declared when the counter reaches a threshold for the maximum number of consistent LBT failures. The detection counter is reset when consistent LBT success occurs. This operational algorithm can be achieved from the baseline mechanism and its enhancements with proposals 1~6 when the detection timer value is long enough for the timer to not expire.
Proposal 7: The detection timer may be set to a value for “not expire”

Support of wideband operations in a BWP

RAN2 has agreed that UL LBT failures are detected per BWP. A BWP are configured over multiple sub-bands. The sub-band is a basic unit in which UE can perform LBT trials and a 20MHz frequency band. If a BWP is configured over a sub-band, the detection of UL LBT failures is performed per sub-band and there is a recovery procedure after the detection. If a BWP is configured over multiple sub-band, on the other hand, LBT procedure for wideband operation is performed independently per sub-band. When detecting LBT failures per sub-band 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.
Observation 5: When a BWP are configured over multiple sub-bands, It’s difficult for the UE to apply the detection mechanism of LBT failures to the BWP since LBT trials are performed per sub-band.
Proposal 8: The detection procedure of consistent LBT failures should be performed per sub-band.

Proposal 9: 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.

Observation 4: When the LBT failures are around the time the timer expires, the agreed algorithm of resetting the counter may not trigger the “consistent” LBT failure event.

Observation 5: When a BWP are configured over multiple sub-bands, It’s difficult for the UE to apply the detection mechanism of LBT failures to the BWP since LBT trials are performed per sub-band.
Based on the discussion in Section 2, we propose the following:

Proposal 1: Consider 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 mechanism should be able to trigger the consistent LBT failure event when the LBT failures are around the time the timer expires.

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

Proposal 5: The detection counter should be initialized to the detection counter value multiplied with a ratio in previous timer period when the detection timer restarts.

Proposal 6: The detection timer is cancelled when the number of consecutive LBT successes are greater than a threshold for the maximum number of consecutive LBT success.

Proposal 7: The detection timer may be set to a value for “not expire”

Proposal 8: for support of wideband operation the detection procedure of consistent LBT failures should be performed per sub-band.

Proposal 9: 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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