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1 Introduction
During Rel-13 LAA Work Item phase, it has been discussed that channel access procedure for both single carrier and multiple carrier is performed on LAA Scell(s) and it has been specified on channel access procedure provided in clause 15 of TS 36.213 [1].
In this contribution, we discuss an issue on the number of idle slots for sensing the channel with random counter N in channel access procedure for DL LBT operation and suggest to modify current specification for channel access procedure for transmission(s) including PDSCH.

Discussion on counter adjustment for DL LBT operation on LAA
For channel access procedure for transmission(s) including PDSCH, the current specification describes as follows:
	15.1.1	 Channel access procedure for transmission(s) including PDSCH



The eNB may transmit a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are performed , after sensing the channel to be idle during the slot durations of a defer duration ; and after the counter is zero in step 4. The counter  is adjusted by sensing the channel for additional slot duration(s) according to the steps below:



1)	set , where  is a random number uniformly distributed between 0 and ;


2)	if  and the eNB chooses to decrement the counter, set ;
3)	sense the channel for an additional slot duration, and if the additional slot duration is idle, go to step 4; else, 	go to step 5;

4)	if , stop; else, go to step 2.

5)	sense the channel during the slot durations of an additional defer duration ;

6)	if the channel is sensed to be idle during the slot durations of the additional defer duration , go to step 2; else, go to step 5;

If an eNB has not transmitted a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are performed after step 4 in the procedure above, the eNB may transmit a transmission including PDSCH on the channel, after sensing the channel to be idle at least in the slot durations of an additional defer duration. 



According to the current specification, when random number, Ninit, is drawn to 1 or 0, there is no difference of the number of sensing slots for random back-off as shown in Figure 1. It is shown that the number of slots to be sensed as idle for PDSCH transmission is the same when Ninit=0 and 1. This is because eNB senses the channel for an additional slot duration at step 3) even when the counter N is equal to 0, i.e., Ninit=0. Figure 1 shows the comparison between a random number Ninit=1 (Figure 1-(a)) and a random number Ninit=0 (Figure 1-(b)) when the random counter adjustment procedure in the current specification applied in clause 15.1.1 of TS 36.213 [1] is applied to both cases.
[image: ]
Figure 1. Channel access procedure for Ninit=1(upper) and Ninit=0(lower) according to current specification as channel access procedure for transmission(s) including PDSCH.
The first point for clarification is whether the same channel access procedure for Ninit=0 and 1 as shown in Figure 1 is intended as eNB’s channel access behaviour or not. If not, when a random number is drawn to 0, i.e., Ninit=0, the current specification should be modified that the eNB may perform a transmission including PDSCH on LAA Scell(s) just after sensing the channel to be idle during the slot durations of a defer duration Td without sensing any additional slot as shown in Figure 2. 
[image: ]
Figure 2. Modified channel access procedure for Ninit=1(upper) and Ninit=0(lower) as channel access procedure for transmission(s) including PDSCH.

For the second for clarification, when a channel is busy during random back-off duration, there is no difference of the number of sensing slots for random back-off between Ninit=1 and Ninit=2, as shown in Figure 3. This is because, when the counter N is 0, eNB senses the channel for an additional slot duration at step 3) after the channel is sensed as idle during additional defer duration in step 6). Figure 3 shows the comparison between a random number Ninit=2 (Figure 3-(a)) and a random number Ninit=1 (Figure 3-(b)) when the random counter adjustment procedure in the current specification applied in clause 15.1.1 of TS 36.213 [1] is applied to both cases.

[image: ]
Figure 3. Channel access procedure for Ninit=2(upper) and Ninit=1(lower) according to current specification as channel access procedure for transmission(s) including PDSCH.
Similar to the first case, if this is not an expectation for eNB’s channel access behavior having the same slot sensing procedure as shown in Figure 3, the current specification should be modified that the eNB may transmit a transmission including PDSCH on LAA Scell(s) without sensing the channel for an additional slot duration in case of counter N=0 after the channel is sensed to be idle during the slot durations of the additional defer duration Td as shown in Figure 4.
[image: ]
Figure 4. Modified channel access procedure for Ninit=1(upper) and Ninit=0(lower) as channel access procedure for transmission(s) including PDSCH.
Based on the clarifications on channel access procedure for transmission(s) including PDSCH, we propose to modify random counter adjustment procedure for DL LBT channel access procedure in the current specification as follows:
	15.1.1	 Channel access procedure for transmission(s) including PDSCH



The eNB may transmit a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are performed , after sensing the channel to be idle during the slot durations of a defer duration ; and after the counter is zero in step 4. The counter  is adjusted by sensing the channel for additional slot duration(s) according to the steps below:



1)	set , where  is a random number uniformly distributed between 0 and ;           and if N=0, stop; else, go to step 2


2)	if  and the eNB chooses to decrement the counter, set ;
3)	sense the channel for an additional slot duration, and if the additional slot duration is idle, go to step 4; else, 	go to step 5;

4)	if , stop; else, go to step 2.

5)	sense the channel during the slot durations of an additional defer duration ;

6)	if the channel is sensed to be idle during the slot durations of the additional defer duration , go to step 24; else, go to step 5;

If an eNB has not transmitted a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are performed after step 4 in the procedure above, the eNB may transmit a transmission including PDSCH on the channel, after sensing the channel to be idle at least in the slot durations of an additional defer duration. 



2 Conclusion
In this contribution, we have discussed random counter adjustment procedure when both initial counter Ninit is drawn to 0 and counter N reaches to zero after decrementing in DL LBT for LAA Scell(s). Based on the discussion, we suggest to modify N counter adjustment procedure as channel access procedure in the current specification as follows:
	15.1.1	 Channel access procedure for transmission(s) including PDSCH



The eNB may transmit a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are performed , after sensing the channel to be idle during the slot durations of a defer duration ; and after the counter is zero in step 4. The counter  is adjusted by sensing the channel for additional slot duration(s) according to the steps below:



1)	set , where  is a random number uniformly distributed between 0 and ;           and if N=0, stop; else, go to step 2


2)	if  and the eNB chooses to decrement the counter, set ;
3)	sense the channel for an additional slot duration, and if the additional slot duration is idle, go to step 4; else, 	go to step 5;

4)	if , stop; else, go to step 2.

5)	sense the channel during the slot durations of an additional defer duration ;

6)	if the channel is sensed to be idle during the slot durations of the additional defer duration , go to step 24; else, go to step 5;

If an eNB has not transmitted a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are performed after step 4 in the procedure above, the eNB may transmit a transmission including PDSCH on the channel, after sensing the channel to be idle at least in the slot durations of an additional defer duration. 
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