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1 Introduction
At the RAN1#84 meeting and the previous RAN1#84bis meeting, it has been agreed on channel access procedure for eLAA UL as follows [1][2]:  
	Agreements at RAN1#84:
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Condition and restriction on when these options are used.

Agreement at RAN1#84bis:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission.
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part


In this contribution, we discuss UL LBT type switching under UL channel access for eLAA and provide our views for UL LBT operation.

2 Discussion on UL LBT Type Switching
UL LBT Type Switching after UL Grant
Due to the support of flexible timing between the DL subframe carrying the UL grant and the corresponding UL subframe(s) in eLAA, there could be a large number of empty subframes between the DL burst (carrying the UL grant) and the following UL burst as illustrated in Figure 1. The figure illustrates the case that UE(s) is supposed to perform a Cat. 4 LBT before transmission. Due to highly fluctuating traffic demands, an eNB may modify an initial scheduling (Figure 1(a)) after the UL grant of the UL burst and allocate an additional DL burst (over a single subframe or multiple ones) before the UL burst (Figure 1(b)). Since it has been agreed that an LBT based on a 25 µs CCA can be performed for any of the new UL transmission within the MCOT, the UE(s) is allowed to switch to a 25 µs LBT if the MCOT of the new DL burst spans the whole subframe(s) of the UL burst. 
When an UL LBT is performed in the middle of an UL burst and the MCOT of a new DL burst ends in the middle of the UL burst, as illustrated in Figure 1(b), only the subframes of the UL burst within the MCOT may switch to a 25 µs LBT while the subframe after the MCOT performs the Cat. 4 LBT as indicated in the UL grant. This approach can be beneficial to provide a quick access in UL within the obtained channel occupancy duration by improving the performance of eLAA UL using fast UL LBT. 


Figure 1. Switching the LBT type of a scheduled UL burst when a new DL burst is scheduled after the UL grant of the UL burst (UL LBT is performed in the middle of UL burst)

On the other hand, as shown in Figure 2(a), when UL LBT is performed at the beginning of an UL burst only, and the MCOT of the DL burst can cover only a part of the UL burst, we can consider UL LBT type switching options as follows: 
· Option A: For all UL subframes in the UL burst, UE(s) switches to a 25 µs LBT for the UL burst irrespective of whether the UL subframe is within the MCOT of the new DL burst or not.
· Option B: For the UL subframes within the MCOT of the new DL burst, UE(s) switches to a 25 µs LBT and for the UL subframes after the MCOT, UE(s) performs a Cat. 4 LBT.
· Option C: UE(s) performs a Cat. 4 LBT at the beginning of the UL burst as indicated initially. 
According to the agreement such as allowing 25 µs LBT within the MCOT, Option A is not desirable for the UL burst transmission outside the MCOT of new DL burst to perform a quick access without Cat.4 UL LBT. In the Option B, even if the first UL subframe can be transmitted after 25 µs LBT within the MCOT, the additional Cat.4 LBT in the very next UL subframe in the UL burst is not beneficial. Option C is more appropriate for allowing a subsequent transmission with a single Cat.4 LBT for the UL burst as indicated in the UL grant without any additional LBT. 
· Proposal 1: UE(s) which is supposed to perform a Cat. 4 LBT before transmission is allowed to switch to a 25 µs LBT only when the whole subframes of the UL burst transmitted after a single UL LBT, are within the obtained channel occupancy duration of a new DL burst before the UL burst.

  
Figure 2. Switching the LBT type of a scheduled UL burst when a new DL burst is scheduled after the UL grant of the UL burst (UL LBT is performed at the beginning of an UL burst only)

Method of UL LBT Type Switching after UL Grant
In order to allow the UL LBT type switching for the UL burst within the MCOT triggered by the new DL burst, the operation of UL LBT type switching depends on the MCOT of the new DL burst and the length information of both DL & UL bursts, all of which are not available yet at the UE side. Especially, the MCOT may vary per DL burst depending on the traffic priorities within the DL burst as well as those of the following UL burst if it is also within this MCOT.
· Observation 1: Detecting the presence of a prior DL subframe alone might not be sufficient for enabling UE to switch its LBT type by itself.
[bookmark: _GoBack]  The following options can be considered for supporting the UL LBT type switching: 
· Option 1: eNB gives an indication to UEs for the MCOT of each DL burst and if the UL burst ends within the MCOT, the UE performs a 25 µs LBT.
· Option 2: eNB signals in the new DL burst whether an UE switches to a 25 µs LBT.
Option 1 requires the definition of a new information element on the MCOT in the DL burst transmission and Option 2 directly indicates which UEs can switch the UL LBT type in the DL subframe prior to the UL subframe. An UL transmission accompanying UE(s)’s Cat. 4 LBT does not expect to receive a second/trigger grant before performing a LBT. In this situation, if the UE receives a second/trigger grant including the information of the UL LBT type switching, the UE can perform the 25 µs LBT for the UL burst transmission within the MCOT of the new DL burst.
· Proposal 2: If an eNB performs new DL transmission after UL grant of Cat.4 LBT-based UL transmission and the MCOT limit of the DL transmission spans the whole subframes of the following UL burst, the eNB signals for switching to a 25us LBT in the DL transmission for the UEs in the following UL transmission.

3 Conclusion
In this contribution, we have discussed LBT operation for UL transmission and summarize our view on switching the LBT of mode of UEs according to eNB’s scheduling changes.
· Proposal 1: UE(s) which is supposed to perform a Cat. 4 LBT before transmission is allowed to switch to a 25 µs LBT only when the whole subframes of the UL burst transmitted after a single UL LBT, are within the obtained channel occupancy duration of a new DL burst before the UL burst.
· Observation 1: Detecting the presence of a prior DL subframe alone might not be sufficient for enabling UE to switch its LBT type by itself.
· Proposal 2: If an eNB performs new DL transmission after UL grant of Cat.4 LBT-based UL transmission and the MCOT limit of the DL transmission spans the whole subframes of the following UL burst, the eNB signals for switching to a 25us LBT in the DL transmission for the UEs in the following UL transmission.
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