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1 Introduction
During Rel-13 LAA Work Item phase, it has been discussed on channel access procedure for LAA UL and UL LBT procedure has been agreed as following [1]: 
	Agreement on email discussion after RAN1#82 meeting:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of at least 25 us before the transmission burst
· The sensing duration in a CCA slot can be less than the CCA slot duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},
· FFS: The random backoff counter is generated at the eNB and is signaled to the UE
· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 
· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Energy detection threshold used for UL LBT

Agreement on email discussion after RAN1#82 meeting:
· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 
· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT
· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL
· FFS: Energy detection threshold used for UL LBT

Agreement on email discussion after RAN1#82 meeting:
· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.
· FFS: Whether and under what conditions the following option may be used.
· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts
Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).


In this contribution, we discuss on UL LBT operation for LAA and provide our view for UL LBT operation.

2 Discussion on UL LBT operation for LAA
For LAA UL operation, there are two considerable scenarios. The first scenario occurs either when the eNB schedules the UL on self-carrier scheduling or when it schedules the UL on cross-carrier scheduling but has an on-going DL transmission on the LAA carrier. The other scenario occurs when the eNB has no DL transmission and the UL is cross-carrier scheduled. In this contribution, we discuss on the first scenario.
The figure 1 shows one case of the first scenario that scheduled UL transmits right after on-going DL transmission on self-carrier scheduling for UL transmission. From the perspective of UL LBT starting time, two options can be used for performing UL LBT since the ending subframe for DL transmission burst can become either a full subframe or a partial subframe using DwPTS. The option-1 is that UL LBT operation before UL subframe boundary is performed on LAA SCell as seen in figure 1-(a). As the option-2, it is that UL LBT operation on UL subframe after UL subframe boundary is performed on LAA SCell as seen in figure 1-(b). 
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(a) UL LBT before UL subframe boundary
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(b) UL LBT after UL subframe boundary
Figure 1. UL transmissions right after ongoing DL transmission
In a viewpoint of the UE#1 to be scheduled in subframe#(n+4) right after DL transmission, the UE#1 would be implicitly indicated when UL LBT should be performed due to the fact that the UE can know whether or not the ending subframe is full subframe by decoding common control signaling in subframe#(n+2) or subframe#(n+3) for indicating the ending subframe configuration. However, from the perspectives of UEs not to be scheduled in subframe#(n+4) right after DL transmission, the UE#2 scheduled in subframe #(n+5) should perform UL LBT operation right before UL subframe#(n+5) boundary since the UE#2 does not know whether or not UL transmission exists before scheduled UL subframe#(n+5). At that time, if UE#1 transmits PUSCH including the last SC-FDMA symbol of the subframe#(n+4), the UL LBT of UE#2 would be failed due to the interference from the PUSCH on the last SC-FDMA symbol for UE#1. In order to resolve this problem, we suggest to consider several methods such as performing UL LBT on scheduled UL subframe after UL subframe boundary for all UEs in case that the ending subframe of DL transmission burst is detected as full subframe, including an indicator for starting time of UL LBT on UL grant, or including an indicator for starting time of UL LBT on common control signal. 
· Proposal 1: It should be discussed on UL LBT start time for scheduled UL transmission after on-going DL transmission either when the eNB schedules the UL on self-carrier scheduling or when it schedules the UL on cross-carrier scheduling. 
The figure 2 shows other case of the first scenario that scheduled UL transmits right after on-going DL transmission on self-carrier scheduling for UL transmission but it is consisted of non-contiguous transmissions between UL grant transmitting DL and DL transmission right before scheduled UL transmissions. Differently to options as seen in figure 1, UL LBT operation after UL subframe boundary should be performed on LAA SCell for at least the first UL subframe right after DL burst as seen in figure 2 since a full subframe can be only independently allocated as an ending DL subframe. The figure 2-(a) and figure 2-(b) show the case to perform UL LBT after UL subframe boundary and before UL subframe boundary except UL subframe right after DL transmission respectively. For this case, the UEs(e.g. UE#2) scheduled in subframe #(n+5) not to be scheduled in subframe#(n+4) should perform UL LBT operation before UL subframe#(n+5) boundary since the UEs(e.g.UE#2) does not know whether or not UL transmission exists on UL subframe#(n+4). At that time, if UEs(e.g.UE#1) scheduled in subframe #(n+4) transmits PUSCH including the last SC-FDMA symbol of the subframe#(n+4), the UL LBT of UE#2 would be failed due to the interference from the PUSCH on the last SC-FDMA symbol for UE#1 similar to cases in figure 1. Therefore, it should consider control signaling method such as an indicator for starting time of UL LBT in order to resolve inter-user blocking problem caused by different UL LBT start timing.
· Proposal 2: It should consider control signaling methods to resolve inter-user blocking problem caused by different UL LBT start timing.
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(a) UL LBT after UL subframe boundary
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(b) UL LBT before UL subframe boundary except UL subframe right after DL transmission
Figure 2. Non-contiguous transmission between UL grant transmitting DL and scheduled UL transmissions

3 Conclusion
In this contribution, we have discussed and summarize our views on UL LBT operation for LAA as follows:
· Proposal 1: It should be discussed on UL LBT start time for scheduled UL transmission after on-going DL transmission either when the eNB schedules the UL on self-carrier scheduling or when it schedules the UL on cross-carrier scheduling. 
· Proposal 2: It should consider control signaling methods to resolve inter-user blocking problem caused by different UL LBT start timing.
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