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Introduction
In the past several RAN2 meetings, the impacts on SR procedure due to LBT failure are raised by many companies. In this contribution, we will also analyze the SR procedure in unlicensed band, and give the proposals based on the analysis.
Discussion 
In NR, MAC specification description on SR procedure is as follows in [1].

	Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid.

As long as at least one SR is pending, the MAC entity shall for each pending SR:

1>
if the MAC entity has no valid PUCCH resource configured for the pending SR:

2>
initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.

1>
else, for the SR configuration corresponding to the pending SR:

2>
when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>
if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:

3>
if SR_COUNTER < sr-TransMax:

4>
increment SR_COUNTER by 1;

4>
instruct the physical layer to signal the SR on one valid PUCCH resource for SR;

4>
start the sr-ProhibitTimer.


According to the specification description above, when SR is pending and the MAC entity has valid PUCCH resource for the pending SR, the MAC entity will instruct the physical layer to signal the SR on one valid PUCCH resource. However, for NR-U, SR may be blocked due to LBT failure. In this case, the physical layer will not transmit SR. If SR_COUNTER is incremented in the MAC entity, it may cause unnecessary PUCCH resource release. Therefore, in this case, SR_COUNTER should not be incremented.

In addition, when SR is blocked due to LBT, sr-ProhibitTimer should not be started. If sr-ProhibitTimer is started, UE will have to perform SR transmission after the timer expires. In this case, it will increase the delay to achieve grant, and then impact the system performance. Therefore, when LBT fails, UE will not start sr-ProhibitTimer, and it will perform SR transmission in the next SR transmission occasion.
Proposal 1: When SR transmission is blocked due to LBT, SR_COUNTER should not be incremented, and sr-ProhibitTimer should not be started.

However, the MAC entity does not know the LBT outcome, so that it does not know whether SR transmission happens or not. If the physical layer indicates the LBT outcome to the MAC entity, then it can decide whether to increment SR_COUNTER and start sr-ProhibitTimer. In other words, when SR is pending and there is a valid PUCCH resource, MAC entity instructs the physical layer to transmit SR and then update  SR_COUNTER and start sr-ProhibitTimer based on LBT outcome from the physical layer. Therefore LBT outcome should be indicated to the MAC entity.
Proposal 2: When SR transmission is blocked due to LBT, LBT result should be indicated to the MAC entity.

If SR_COUNTER is not incremented, when cell load is very heavy, it is possible that SR has no chance to be transmitted for a long time. Then SR procedure can not be terminated for a long time. Therefore, some other schemes should be considered. For example, contention metric representing cell load needs to be introduced. When LBT fails, LBT NACK is indicated to the MAC entity, the MAC entity may count the number of LBT failures. When LBT failure times exceeds a certain value, the MAC entity may notify RRC. RRC performs RRC reestablishment procedure, and selects other carrier. 

Proposal 3: LBT failure times should be counted. When LBT failure times exceeds a certain value, UE will perform RRC reestablishment procedure.   

Conclusion

In this contribution, we discussed impacts on MAC due to unlicensed band, and have made the following proposals.

Proposal 1: When SR transmission is blocked due to LBT, SR_COUNTER should not be incremented, and sr-ProhibitTimer should not be started.

Proposal 2: When SR transmission is blocked due to LBT, LBT result should be indicated to the MAC entity.

Proposal 3: LBT failure times should be counted. When LBT failure times exceeds a certain value, UE will perform RRC reestablishment procedure.   
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7.2.2.2.2.x

When SR transmission is blocked due to LBT, SR_COUNTER should not be incremented, and sr-ProhibitTimer should not be started. Since LBT is performed in the physical layer, LBT outcome should be indicated to the MAC entity. 

The MAC entity count the times of LBT failures. When the times of LBT failures exceed a threshold, UE should perform RRC reestablishment procedure.
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